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ELASTEX” 18-P improves performance and color stability 
of the vinyl counter-top and wallpaper. “ELASTEX” 50-B®, 
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SCIENCE : ENGINEERING 


PERFORMANCE 


An Invitation to Come to 


Washington in January 1961 


Society of Plastics Engineers, Inc. 


17th ANNUAL 
TECHNICAL CONFERENCE 


January 24, 25, 26, 27, 1961 (Tues. through Fri. \ 


Shoreham and Sheraton-Park Hotels, Vi ashington, D. Cc. 


FOR HOTEL ROOM 
MAILED TO YOU UPON 


E REGISTRATION 


REGISTER NOW 


| 
INDIVIDUAL REGISTRATION FORM | REGISTRATION FEES 
Society of Plastics Engineers, Inc. SPE MEMBER 15.00 
SEVENTEENTH ANNUAL TECHNICAL CONFERENCE | NON MEMBER $30.00 
STUDENT 5.00 
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Shapes Up 


17th ANNUAL TECHNICAL CONFERENCE 
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SOCIETY OF PLASTICS ENGINEERS 
17th ANTEC 

65 PROSPECT STREET 

STAMFORD, CONNECTICUT 





U.S. BORAX RESEARCH CORPORATION 
412 CRESCENT WAY 
ANAHEIM, CALIFORNIA 


(C Please send literature on U 


NEW 


for 
epoxy 
resins 


LONG 


: ‘ ' : 
POT LIFE You get big advantages from USB epoxy resin curing agents! 


LONG POT LIFE — several weeks to several months. 

LOW TOXICITY — no dermatitis cases on record in handling 
these materials over extended periods. 

LIQUID FORM — allows easy handling and ready miscibility 


with the resins. Curing can be done at relatively 
LOW 


# o>. S002 & ie 4 


low temperatures — 2 hours @ 175°F. 


Resins cured with USB curing agents offer 
these desirable properties: 


@ HEAT DISTORTION TEMPERATURES UP TO 130°C. 

@ EXCELLENT ELECTRICAL PROPERTIES. 

@ WATER AND BLUSH RESISTANCE. 

@ RESISTANCE TO AQUEOUS ACID AND BASE. 

@ CLASS B RESINS CAN BE FORMED FOR LAMINATING. 


IN 
LIQUID 
FORM 


USB epoxy resin curing agents are readily available in quantities up to 


multi-drum lots. Mail the coupon to bring samples and descriptive literature 


EASY TO mnt eh nn es RE ce 


e B 1 HAX 


U.S. BORAX RESEARCH CORPORATION 
412 CRESCENT WAY, ANAHEIM, CALIFORNIA 
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GREENHOUSES, SUNSHINE, 
AND STABILIZERS 


Have you ever potted a plant or seeded 
a small patch of ground, and experi- 
enced the thrill of watching it blossom 

t? To raise the more exotic flowers, to 
extend the growing season, or simplv to 
find more room when the grower's better 
half won't put up with any more plants 
in the house, the true enthusiast builds 
himself a greenhouse. 


Now that polyethylene is available in 
weather-resistant formulations, horticul- 
turists can put up a simple wooden frame 
and cover it with inexpensive, but sur- 
prisingly durable, polyethylene film. As 
might be expected, polyethlene-covered 
greenhouses are also becoming popular 
with the commercial grower. 


It took some effort, of course, to develop 
a polyethylene formulation that could 
withstand the destructive ultraviolet rays 
in sunlight and yet permit the visible 
ones necessary for healthy plant growth 
to shine through. Eastman plastics lab- 
oratories found that non-pigmenting com- 
pounds having the general configuration 
shown here provided polyethylene with 
the necessary protection when dispersed 
in the material. 
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The success of these compounds in sta- 
bilizing the plastic lies not so much in 
their ability to absorb ultraviolet radia- 
tion as in their ability to dispose of it in 
easy stages, at no time releasing a harm- 
ful amount of energy to surroundings. 


Although a number of compounds hav- 
ing the chelate structure shown above 
make satisfactory stabilizers, it was 
found by measuring the nuclear mag- 
netic resonance spectra of these com- 
pounds (with a nuclear magnetic 
spectrometer—what else?) that the X and 
Y groups which strengthened the elec- 
tronic density within the carbonyl group 
and decreased it within the hydroxy 
group improved the ability of the com- 
pound to rid itself harmlessly of the 
absorbed ultraviolet energy. The com- 
pound that had the configuration which 
proved to protect polyethylene best is 
now incorporated in certain formulations 


of Tenite polyethylene to make them 
unusually resistant to sunlight and 
weathering. 


In addition to weather-resistant Tenite 
Polyethylene, Eastman also offers highly 
weather-resistant formulations of Tenite 
Polypropylene and Tenite Butyrate. For 
further information, drop us a line. 


NEW SIGNS FOR OUR TIMES 


If you've been traveling over the country 
on your vacation and have observed 
weathered and rusty signs, you'll be 
happy to learn that the day is at hand 
when signs can be lastingly bright and 
legible. No longer need sign lettering 
wear dim and become unreadable. In 
fact, producing a sign no longer requires 
paint. The thing that makes all this pos- 
sible is a new two-layered, weather- 
resistant butyrate plastic sheet which we 
have developed ready for commercial- 
ization by custom extruders. 


This duplex sheet is produced by a 
simple butyrate-to-butyrate sheet-coating 
operation worked out by the Eastman 
plastics laboratories. Although it has two 
layers of contrasting color, the sheet is 
a single, uniform thickness, with pig- 
mentation change at its interface. 


Shown here is a sign made from duplex 
sheet. First, the sheet was ‘‘drape- 
formed” over a mold which raised the 
lettering on the sign face. Then, surfaces 
of the raised letters were wet-sanded to 
romove their upper layer of plastic. This 
permitted the contrasting color of the 
plastic below to show through. Since the 
upper layer of a typical 100-mil sheet is 
only 10 mils, sanding takes just about 5 
seconds. Water sprayed on during the 
sanding operation keeps down the tem- 
perature of the plastic and prevents it 
from gumming the abrasive. 


We market only the resin and do not our- 
selves commercially extrude or fabricate 
sheet. But if you have some questions 
about duplex sheet, we will try to an- 
swer them. Write to Eastman Chemical 
Products, Inc., Plastics Division, Kings- 
port, Tennessee. 
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Society of Plastics Engineers, Inc. 
An international scientific and educa- 
tional organization of more than 8,000 
individual members devoted to the de- 
velopment and dissemination of technical 
information in the-fields of research, de- 
sign, development, production and utiliza- 
tion of plastics materials and products. 
The Society is incorporated under the 
Jaws of the State of Michigan. 


Oficer of he Society 

George W. Martin, President 

Frank W. Reynolds, Ist Vice President 
Haiman $. Nathan, 2nd Vice President 
James R. Lampman Secretary 
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. The privileges of membership 
gned to enhance the professional 
of the individual member by 


; and by providing an oppor- 
ister the local and national 


expressed by individual 


pons) abl either in articles published 


in the Journal or in technical papers 
— at meetings of the Society. 


Non-Member Subscription Rates 


*DOMESTIC ** FOREIGN 


1 Year $ 6.00 1 Year $10.00 
2 Years 11.00 2 Years 16.00 
3 Years 15.90 3 Years 20.00 


*Single Issue 65 **Single Issue 1.50 *Single 
issues older than 6 months are charged at 
$17.00, and single copies of the Roster Issue 
ot $10.00 


© The SPE Journal is Published at 215 Canal St., 
Manchester, N. H. Address changes, undeliverable 
copies and orders for subscriptions should be sent 
to 65 Prospect St., Stamford, Conn 
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Expanding use of ZYTEL opens new 
market opportunities for molders 





New Millers Falls drill housing of 
ZYTEL brings design improvements 


Theinsulating propertiesof ZYTEL 
nylon resins make possible a drill 
housing that helps protect against 
shock hazards. In addition, this 
rugged and durable housing of 
ZYTEL is lighter in weight 
than a comparable housing of 
aluminum. It is self-extinguish- 
ing. It stays comfortable to the 
touch in hot or cold weather, 
even after prolonged use. The two 
halves of the drill housing are 
molded quickly and easily by the 
molder. The choice of ZYTEL 31 
assures good dimensional stabil- 


20% 


ity of the moldings, and permits 
a perfect match of each half for 
screw inserts, assembly and flange 
matings. No machining is neces- 
sary. 

The manufacturer, Millers Falls 
Company, of Greenfield, Mass., 
reports that extensive field tests 
of the new drill have proved its 
excellent service life. The new 
drill also has a black collar and 
lock switch made of Du Pont 
DELRIN® acetal resin—chosen for 
its exceptionally good dimen- 
sional stability. 


The need for improved product performance and 
lower costs is turning more and more manufac- 
turers toward plastics as replacement materials 
for metals. Engineering plastics such as DELRIN 

acetal resin and ZYTEL® nylon resins are opening 
vast new sales opportunities for injection molders. 

The story of the new Millers Falls drill housing, 
at left, is a case in point. The total opportunities 
for the economical use of ZYTEL in the field of 
small power tools have hardly been tapped. In 
sporting goods, plumbing fixtures, mechanical 
applications, hardware items and many other 
areas, the growth of applications of ZYTEL is 
rapid, and offers molders opportunities for an 
expanded volume of business. 

As prices of DELRIN and ZYTEL have continued 
to drop and those of aluminum, zinc, brass and 
other metals have continued upward, the market 
for parts of plastic has expanded. The chart 
shows these materials-cost trends. 

Since parts molded of plastic require little or 
no finishing in comparison with costly finishing 
operations on metal, even when only moderate 
finishing is required, the completed-part cost in 
plastic is often lower. When the properties of the 
plastic fit, the business is there. 
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If you would like to know more about how to 
find business in this expanding market, please 
write to: E. I. du Pont de Nemours & Co. (Inc.), 
Dept. KK-11, Room 2507Z, Nemours Building, 
Wilmington 98, Delaware. 
In Canada: Du Pont of Canada Limited, P. O. 
Box 660, Montreal, Quebec. 


POLYCHEMICALS DEPARTMENT 


Du Pont's problem-solving engineering materials: 


DELRIN® 


LUCITE: 
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THREE MODELS TO CHOOSE FROM 


MODEL 885 


Platen size: 8” x 8” 
Air operation 
Up to 2800 Lbs. Clamping Pressure 


2 or 4 nozzle 


Machine Operation: manual or automatic 





MODEL 1216A 
Platen size: 12” x 16” 
Hydraulic operation 
12,000 Lbs. Clamping Pressure 
2 or 4 nozzle 


Machine Operation: manual or automatic 





MODEL 1824A 
Platen size: 18” x 24” 
Hydraulic operation 
30,000 Lbs. Clamping Pressure 
2 or 4 nozzle 


Machine Operation: manual or automatic 


ACCUMULATORS AVAILABLE ON ALL MODELS. EQUIPMENT 
MAY BE ADAPTED FOR SPECIAL BLOW MOLDING PROBLEMS 


For additional information, call or write: 


ACME MACHINERY & MFG. CO., INC. 


TRICO MANUFACTURING CORP. 


Exclusive Sales Agents 


500 Saw Mill River Road 102 Grove Street 
Yonkers, N. Y. Worcester, Mass. 
YOnkers 5-0900 PLeasant 7-7747 


484 Bridgeport Ave., Shelton, Connecticut 
Phone: WAverly 9-1451 


ALSO SPECIALIZING IN BLOW MOLDING DIES 
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memo to 
molecule 
manipulators 


about... 


Here is a long-chain bifunctional alkenylsuccinic an- 

hydride with an interesting configuration on which to 
build new intermediates and end products. 

HW <0 

Hos Cie ae: C —C XN 


0 
H.C — Cc 
0 


Note particularly the three points for addition reac- 
tions as steps toward new end products. Note also the 
positions of the oil-soluble alkenyl group and the hy- 
drophilic reactive anhydride end. 


DODECENYLSUCCINIC ANHYDRIDE finds use as an 
epoxy curing agent, polyester and alkyd resin inter- 


NATIONAL ANILINE DIVISION 


40 RECTOR STREET, NEW YORK 6, N.Y. 


Atlante Boston harlotte 


Philadelph 


2 ALLIED CHEM 
t., Montreal 2 


Distribute 


ALLIED CHEMICAL INTERNATIONAL 


ghout the world. For information 


National’ 


DODECENYLSUCCINIC 
ANHYDRIDE 


mediate, corrosion inhibitor, etc. Many other uses are 
cited in the literature. 


DODECENYLSUCCINIC ANHYDRIDE is one of a long 
line of dibasic acid anhydrides produced by National 
from basic raw materials wholly integrated within the 
Allied Chemical group. It is amply available in com- 
mercial quantities. 


WRITE FOR TECHNICAL BULLETIN 1-8 
This six-page technical bulletin gives chemical and 
physical properties, principal reactions, infra-red ab- 
sorption spectrogram, viscosity curve, suggested uses 
and a bibliography. A copy of this bulletin and a liberal 
working sample will be sent on request. Our Devel- 
opment Chemists will be glad to provide additional as- 
sistance to those whose work may lead to volume use 
of National Dodecenylsuccinic Anhydride. 


lied 
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Chicago = Delias «Greensboro 
4 Ove Providence Se 

AL CANADA, LTD 

00 North Queen S?., Toronto 18 


* 40 Rector St., New York 6, NW. ¥ 
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MOVING THE 
CLOCK AHEAD 


Another “First” for SPE JOURNAL 


We're starting the New Year right with a 
unique service for current Classified Advertis- 
ers—one which, to our knowledge, has not 
been similarly undertaken by any publication 


Beginning with the January ANTEC issue, 
the necessary, but regrettable time lag be- 
tween placement of classified ads and their 
publication will be reduced to a basic mini- 
mum. Here’s how. Upon receipt of your in- 
sertion request, a card will be sent to you to 
fill out and return to us. It will include three 
general categories, from which you will 
choose the one which best describes your ad- 
vertised position. As soon as this card is re- 
turned to us, we will put you in touch with the 
available prospects whose ads have not yet 
been published. However, for your protection 
as well as our own, no instructions will be ac- 
cepted, unless transmitted via the card we have 
mailed to you. Subsequently, your sole obliga- 
tion will be to notify us when you wish your 
name (or that of your company) to be removed 
from our Availability File 


On ‘Positions Wanted’ ads placed by SPE 
members in good standing, there will be no 
charge. A modest fee of $5 to cover costs of 
mailing and clerical work will be added to our 
low rates for ‘’Positions Open”’ ads. 


As in the past, no resumes will be kept on 
file. Our function is purely that of intermedi- 
ary. If we can be an effective intermediary, our 
mission will be accomplished 


The new service is a result of a recently con- 
ducted survey of our classified advertisers 
A 40% response indicated by an overwhelming 
maiority (nearly 90%) that they favor their 
availability (or job) being made known prior to 
publication in the same way as upon publica- 
tion. To this end, we proudly introduce the 
expanded service. In our continual strivings to 
make SPE JOURNAL more valuable to its 
readers, we hope you will be pleased with this 
augmented service. It is our belief that it will 
stimulate ‘‘traffic’’ in our Employment Guide 
pages, so that even those who do not wish to 
participate in the new plan will find still more 
potential prospects therein 
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MODEL 6012 


Model 601 2 is especially designed 
for plastic forming processes 
where a single, stabilized water 
temperature is required for the 
control of mold or calendar roll 
temperatures. Among the outstand- 
ing features of this unit are fast 
reaction to temperature change, 
low water capacity, high circulat- 
ing velocity. While normal opera- 
tion position is vertical, this model 
can be furnished to operate in any 
one of 4 horizontal positions — 
at no additional charge. 
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5202 W. Clinton Ave., 


Milw. 23, Wis. 


Industrial Control Division 
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NEW FROM EASTMAN 











TENITE Polyethylene is now 
available in formulations containing 


a new ultraviolet inhibitor that 
gives them superior resistance 
to sunlight and weathering 


fomelale- Liab) 


Alem e-lellipais 


fomelabe- liebe 
commercial 


stabilizer 


contains 
new Eastman 


stabilizer 


TENITE SALES OFFICES: 
Atlanta, Chicago, Cleveland, Dallas, Dayton, Detroit, Greensboro (N.C.), 


Kansas City (Mo.), Leominster (Mass.), New York City, Philadelphia, 
Rochester (N. Y.), St. Louis, Toronto. 


WEST COAST REPRESENTATIVE: 


Wilson & Geo. Meyer & Company, San Francisco, Los Angeles, Portland 
(Ore.), Seattle. 
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New, specially stabilized Tenite Poly- 
ethylene formulations for extrusion 
into thin, transparent, weather-resist- 
ant film are now available from East- 
man. Incorporated in the resins is a 
new non-pigment ultraviolet inhibi- 
tor developed by Eastman chemists. 

The effectiveness of the inhibitor is 
not impaired by molding or extrusion 
temperatures as high as 600°F. This, 
too, represents an improvement over 
polyethylene formulations stabilized 
with previously available ultraviolet 
inhibitors. 

Film only 5 mils thick, extruded 
from a typical Tenite Polyethylene 
formulation containing the new in- 
hibitor, has withstood two years of 
continuous outdoor weathering with 


little loss of strength. Results of tests 


on the exposed film show that it re- 
tained more of its original properties 
after 24 months’ exposure than film 
of unstabilized polyethylene retained 
after only 12 months’ exposure. 

Specifically, the stabilized film re- 
tained a high degree of original clar- 
ity, and remained smooth, pliable and 
tough. 

The demonstrated superior per- 
formance of the new stabilized resins 
greatly extends the usefulness of 
polyethylene film in such outdoor ap- 
plications as glazing for greenhouses, 
and protective covers for silage, ma- 
chinery and other outdoor-stored 
materials. 

Eastman also supplies a stabilized 
Tenite Polyethylene formulation for 


extrusion of sheet 50 mils or thicker 


as well as for injection molding of 
heavier sections. In weathering tests 
recently completed, 50-mil sheet of 
this material retained 88% of initial 
elongation after three years of out- 
door exposure. Heavier sections (125 
mils}, weathered under stress, still 
retained their good appearance after 
five years. Such results indicate that 
polyethylene sheet and molded parts 
can be expected to resist the elements 
two to three times as long as was 
previously possible. 

For further information on Tenite 
Polyethylene formulations stabilized 
with the new ultraviolet inhibitor, con- 
tact any of the Tenite sales offices, or 
write EASTMAN CHEMICAL PRODUCTS, 
Inc., subsidiary of Eastman Kodak 


Company, Kincsport, TENNESSEE. 


WEATHERABILITY OF STRESSED TENITE POLYETHYLENE 


Unexposed Samples 


Exposed Samples 


Pictures are better than words! 


Here is an unretouched photograph showing a test rack of stressed molded 


specimens after 5 years of continuous exposure in Tennessee. Specimens were 


125 mils thick and were molded from a typical base formulation of Tenite 
Polyethylene. The photograph forcefully illustrates the effectiveness of 


Eastman’'s new ultraviolet stabilize: 
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POLYETHYLENE 


an Eastman plastic 
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IF PHENOLICS CAN DO IT, PLENCO CAN PROVIDE IT—AND DOES—FOR SUNBEAM 


: 9 
COUN jb “CONTROL-CENTER" HANDLE 


KEEPS CALM, COOL, AND RESPECTED...THANKS TO 


PLENCO 


PHENOLIC MOLDING COMPOUNDS 


“IF you can’t stand the heat,” according to an old political axiom, “stay 
out of the kitchen.” 

Housewives all over the country know that Sunbeam Corporation, 
Chicago, IIl., builds modern cooking appliances with handles that not only 
can “stand the heat’’, but help make a woman’s daily tour of duty in the 
kitchen more pleasurable and productive. 

Among these appliances, the Sunbeam Automatic Electric Frypan has 
long led in a new concept of rangeless meal preparation. Outstanding 
Sunbeam Frypans feature controlled even heat determined by a dial housed 
in the handle itself. Phenolic-molded, the handle stays cool and attractive. 
To make sure it does, Sunbeam engineers use a Plenco molding compound 
(Plenco 423) that provides the ideal combination of required properties: 
heat resistance, electrical insulation, dimensional stability, moisture and 
acid resistance, plus production factors assuring ease and economy. 

Ready-made or specially made, there’s a wide range of Plenco molding 
compounds available. They’re use-proved in a number of additional applica- 
tions by Sunbeam and by Sunbeam’s Oster Division . . . as well as countless 
other successful applications in industries as varied as are the compounds 
themselves. Want to learn more about the advantages for you with phenolics 
by Plenco? We’re ready to show you. 
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FOR BETTER 
PLASTIC PRODUCTS 
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New member of the Oncor’ family-23A... 


A unique pigment for flame retardance 
in halogenated plastics and paints 


Never before has there been a pigment 
like ONCOR® 23A, developed especially 
for compositions based on halogenated 
resins. This pigment is composed of an 
inert silica core of low specific gravity, 
and has a surface layer of antimony 
oxide fused to the core. 

Here’s a quick run-down on the outstand- 
ing features of this significant new 
ONCOR pigment: 


1. Effective Flame Retardance — ONCOR 
23A pigment compares favorably 
with conventional antimony oxides in 
flameproofing efficiency in halogen- 
containing resins for plastics and 
paints. In tests on vinyl films, ONCOR 
23A pigment has given equivalent 
flame resistance compared to conven- 
tional antimony oxide, on an equal 
weight basis. 

Low Tinting Strength— ONCOR 234 
pigment has a low and uniform tint- 
ing strength. In vinyl] film tests, 
tinting strength consistently meas- 
ures between 60% and 65% of a con- 
ventional antimony oxide standard. 
This allows most effective use of 
colorants. 

Low Specific Gravity — Because of its 
special physical structure, ONCOR 
23A pigment has a lower specific 
gravity than regular antimony oxides. 
This means a higher volume yield per 
pound of pigment. 


Excellent Dispersion Characteristics—as 
a result of careful production con- 
trols, ONCOR 23A pigment has a 
particularly uniform particle. This 
assures consistently good dispersion 
in both plastics and paints. 
ONCOR 23A pigment is suggested for use 
in all halogenated plastic and paint com- 
positions requiring flame resistance. It 
may be used with polyvinyl chloride, 
vinyl chloride copolymers, chlorinated 
paraffins, chlorinated rubber, chlorosul- 
fonated polyethylene, chlorinated polyes- 
ters and the commercial fluoropolymers. 
Additional information on the new ONCOR 
23A pigment is provided in the National 
Lead Company Data Sheet just off the 
press. The handy coupon at the right will 
bring you a copy by return mail. 


we 
WITH ONCOR 23A WITHOUT ONCOR 23A 


These two samples show typical flammability test results on vinyl film, 
following the procedure specified in ASTM D-1433-58. (See Item 1 in text.) 


e@eeeeeeee ee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


National Lead Company: General Offices, 111 Broadway, New York 6 
N.Y. In Canada: 1401 McGill College Avenue, Montreal. 


sentlemen: Please send your new Data Sheet for ONCOR® 23A, anti 
mony silico oxide pigment for flame retardance in halogenated 
plastics and paints. 


Name Title 
Company 


Address 


City & Zone 


I | | rk ° 
23h an f° ] IP Pigment. ..A Development of ational ead ompany 
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Leading injection 
molders know — 
it's what happens 
INSIDE the heater 
that really counts! 


Patents Pending 


Here's ultimate proof of IMS Leadership in heating 
cylinder design! The new exclusive VRF Degassing 
principle automatically overcomes many common 
molded-in defects. It's brought to you by the same 
cylinder engineers who pioneered the IMS Standard 
Uniform Design All-Welded Replacement Chamber 
in 1949. Note how the exclusive vent hole allows 
trapped, compressed gases to escape out of the 
melt area just prior to injection. This hot bleed-back 
speeds melting of cold granules, and often lowers 
pressure requirements by lubricating the spreader 
tip with soft plastic. You gain the advantages of 
precompression with no moving parts! 

Cylinder corrosion on cellulosics is virtually elimi- 
nated by gas relief. Production time between clean- 
ovts on Vinyl is greatly extended. 

Pressure equalizing bleed-back gives automatic part 
weight control without a feed weigher. 

VRF reduces burning because internal storage tube 
keeps material inventory away from heat source. 
Remember! It's what takes place INSIDE a heating 
cylinder that really counts! 


SpeciaL Purpose REPLACEMENT 
HEATING CYLINDERS FOR ALL 
INJECTION MOLDING MACHINES, 


INJECTION MOLDERS SUPPLY CO. 
3514 LEE RD. CLEVELAND 20, OHIO 
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JOURNAL 
NEWSLETTER 





reading time 
1 minute 


Blow molding continues to lead the packaging revolution. 
Blow molded, low-pressure polyethylene detergent con- 
tainers moved in on the glass business, and it may happen 
again—this time packaging liquid bleach. Polyethylene 
and copolymers of ethylene and butylene are being used 
in experiments involving pigmented bleach bottles. 
Based on test results so far, at least one major bleach 
manufacturer is readying marketing plans involving 
blow-molded plastic bleach bottles. 


Plastic 
Bleach 
Bottles 


Ignition properties of plastic foams are no more hazard- 
ous than those of other common solids, such as lumber. 
Fire-Safe This item and other information on fire-safe storage of 
Storage foams is contained in a new Safety Guide, published by 
of Foams The Manufacturing Chemists’ Association. The Guide 
points out that plastic foams tend to melt away from the 
source of heat thus reducing the likelihood of ignition 
Flexible urethane foams will not self heat nor spontane 

ously ignite if proper catalyst systems are used. 


Plastics move into the area of ceiling soundproofing ma- 
terials. A New England manufacturer is marketing a 
product made by laminating a porous layer of cellulose 
film to each side of a core of rigid vinyl sheet. Patterns 
and colors can be printed on the exposed surface. Acous- 
tical efficiency is achieved by perforating the viny! sheet 
with small, evenly-spaced pores. 


Soundproof 
Laminate 


Foster Grant Co. has announced what may well be a fu- 

ture trend in handling resins. A bulk handling system for 

polystyrene, consisting of six 150,000-pound capacity 
Bulk silos to which the resin is blown by special cyclones from 
sealed Dry-flo rail cars. From there, the resin is piped to 
intermediate storage tanks inside the plant, and then to 
the molding and extrusion machines. Savings up to $0.04 
a pound on the resin are said to be possible. 


Handling 


Methods for obtaining engineering and design data which 
No can be applied to designing structural components with 
plastics, are reported on page 1231, this issue. The ap- 
proaches described remove the guesswork from designing 
and enable engineers to relate short-time tests to long- 
term behavior. 


Guesswork 
in 
Design 





new technical ideas trends industry news 
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NEED POLYETHYLENE? 
NEED NYLON? 
NEED POLYPROPYLENE? 


Now ONE Truck 
Can Bring You 
All 3 Spencer 
Thermoplastics 


STARTING right now, you can eliminate all the 
trouble and expense of ordering these three thermo- 
plastic resins from different suppliers. With Spencer 
Chemical Company’s complete family of “Poly-Eth” 
Polyethylene, Spencer Nylon and “Poly-Pro” Poly- 
propylene resins, you can simply place one order, and 
the resins you need will arrive in one shipment. 


And Spencer service is prompt! Once Spencer re- 
ceives your order, you can expect overnight shipment 
and direct delivery—anywhere in the United States. 


You get much more than convenience from order- 
ing from Spencer. Spencer’s complete family of thermo- 
plastic resins all exhibit a broad and continuous range 
of desirable characteristics. 

By ordering from Spencer, you also qualify for 
Spencer Chemical Company’s fully integrated customer 

ervice: 
Research and Development discovers new and 
better materials for you! 


Technical Service . . . helps solve processing and prod- 
uct problems for you! 


Market Research and Development . . . develops new 


products and builds markets for you! 


Product Improvement . . . designs specific formulations 
for you! 

Add up the advantages for yourself: One order, one 
shipment for all three thermoplastics . . . overnight 
delivery . . . thermoplastics with a wide range of 
product and processing characteristics . . . and 
Spencer’s fully integrated customer service! 

Call your Spencer sales office today. 


KANSAS CITY . . . BAltimore 1-6600 
NEW YORK . . . Plaza 2-1740 
CHICAGO . . . RAndolph 6-3790 
LOS ANGELES . . . Oleander 5-8540 
ATLANTA . . . JAckson 4-0418 
FORT WORTH . . . EDison 2-2782 


SPENCERS | LYE 
-___,/ Polyethylene 


SPENCER CHEMICAL COMPANY 
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POLY-PRO 
POLYPROPYLENE 


DWIGHT BLDG., KANSAS CITY 5, MISSOURI 
SPE JOURNAL, NOVEMBER, 1960 





K . 
os In 20 years, the REED 350 TCL—12/16 oz.1s the most 
efficient molding machine I’ve ever seen. It has tremendous 


clamping pressure and fantastic speed. I’m getting a 


minimum of 25% more production on all my molds. Set-up 


is easy, and no matter how heavy the mold is, the movable 
die plate supports prevent tipping or sagging and 


misalignment of the haives. a, | 
ARMAND MARCUCILLLI, President 


Grace Plastic, Inc., New York 


li is running a 16 oz. shot of high impact styrene on his new REED, casting an area over 200 sq. in. with .070 wall thickness. 
’rentice Sales Engineer and ask him to show you the improved performance you can get with the new 350 TCL—12/16 oz. REED. 


REED-PRENTICE 


division of PAC KA G E 


EAST LONGMEADOW, MASSACHUSETTS MACHINERY COMPANY 


BRANCH OFFICES: NEW YORK + CHICAGO + BUFFALO + CLEVELAND + DEARBORN «+ KANSAS CITY + LOS ANGELES 
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Clan 
PLASTICS 








Offers a Complete Service-in-Depth 
for Users of Plastic Materials 


Celanese Polymer Company offers manufacturers, 
molders and product designers a comprehensive 
plastics service that includes assistance in applica- 


tion and design, plastics selection and product test- 


ing ... laboratory and field service . . . and prompt 


deliveries from strategically located warehouse 


facilities. 


Celanese Polymer Company is a Division of Celanese Corporation of America 


High, Medium and Low Density 
POLYETHYLENE 


CELLULOSE PROPIONATE 
CELLULOSE ACETATE 
POLYESTER RESINS 


Acetate, Propionate and Triacetate 


CELLULOSE FLAKE 


* * 


* 
TECHNICAL SERVICE 





molding compounds 


and resins solve a wide 
variety of design problems 


A Complete Range of Polyethyienes 


Resins ranging from high to low « asity. There are four basic 
Fortiflex types: Series A, B, C, and D. Fortiflex A and B available 


in natural or scientifically color-matched to your specifications 
Fortiflex C and D available in natural only. Applications: house 
wares, appliances, automotive and electrical parts, wire insula 
tion, pipe, toys, containers, paper coating, film and sheet 
Ci ose Propionate 

Outstanding yng thermoplastics for its excellent balance of 
properties, Forticel meets the demands of a number of automotive 
ind appliance applications. Forticel has excellent dimensional 
stability, toughness, surface permanence and moldability, and is 
free of objectionable odor. Applications: automotive steering 
wheels and decorative trim, appliance and telephone housings 
brush backs, dials, knobs and blow molded products 


se Acetate 
conomical, Celanese Acetate is unequalled 
of toughness, clarity and price. It is available 
formulations and flows—in a limitless variety 
natched colors. Applications: shoe heels, appli 
welry, tool handles, toys, sun glass frames, brush 


iseware items and blow molded products 


‘> 


properties that speed production, cut down rejects 
Polyester Resins offer fast cure, low drainage, better 
) hand lay-up. They are unequalled for saving time and 


critical Jarge area moldings. And they are outstanding 





for formulating and molding pre-mix and matched die parts 
Applications: Boats, refrigerator doors, truck bodies, cooling 
tower grids, automotive and appliance parts, electronic housings, 


ind decorative items 


CELLULOSIC FLAKES 

Celanese offers cellulose acetate, cellulose triacetate and cellulose 
propionate flake in a variety of grades to basic industries such as 
plastics, sheet, film, fibers, protective coatings and adhesives 
Specific applications include lacquer for paper, wire, and flash 
bulb coatings; film and sheeting for photography, graphic arts, 
and transparent packaging; molding powder for extrusion and 
injection molding of tool handles, tubing, and toys; and binders 
for color concentrates 


CELANESE TECHNICAL SERVICE 
Celanese has the engineering staff to help you get the most out of 


specific plastic 
Celanese Polymer Company, Dept. GK-11, 744 Broad Street, 


Newark 2, New Jersey. 
is « Division of Celanese Corporation of America. 


Celanese Polymer Company 
Canadian Affiliate: Canadian Chemical Company Limited, Montreal, Toronto, Vancouver. 
Export Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Ave., New York 16. 


C Pelancsce 


PLASTICS 


Celanese® Fortificx® Forticel® 





ne of the great essayists of the 
18th century, Samuel Johnson, 


once said that “knowledge is of 

two kinds, we either know a thing 
ourselves or we know where we can 
find information upon it.” Finding in- 
formation upon plastics that is com 
prehensive and up to date, is not as 
simple as it may sound for to-days’ 
engineer or businessman. There are 
comparatively few places where a 
person interested in plastics can go 
to study this field in its proper setting 
Ever since 1958, the Ontario Sec 
tion of the SPE has been pursuing the 
somewhat elusive idea of a compre 
hensive study course on the whole 
field of plastics technology There is 
probably no better way to discuss the 
topic of education in plastics than to 
describe in some detail the develop 


ment, aims and accomplishments of 


A Pattern for 
Plastics Education 


James E. Parkhill 


Chairman, Ontario Section Education Committee 
and Vice President, Barnett J. Danson & Associates Ltd. 


this section with regard to the work 
being carried on at the University of 
Toronto. In the loronto-Montreal 
area, there are hundreds of com- 
panies engaged in moulding plastics 
products or in manufacturing raw 
materials and equipment 

The Ontario Section took their first 
positive step towards a plastics study 
course during A. T. Orrs’ tenure as 
President in 1958. This was in the 
form of an invitation to representa- 
tives of local technical schools and 
universities to participate in a panel 
discussion on the subject at a regular 
monthly section meeting. The discus- 
sion helped to consolidate the think- 
ing of the members and enable us to 
take the second step toward our goal 
Che second step was a questionnaire 
which was mailed out to each of the 


members asking such questions as 
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Did the Industry feel there was a 
need for a plastics study course? What 
form should the course take? Should 
the level be theoretical or practical? 
Of the 150 questionnaires sent out, 
100 were returned. Most respondents 
favoured an evening course and four 
out of five requested a course that 
would be general in its scope. 

At a subsequent meeting of the 
University of Toronto with Dr. D. ¢ 
Williams, Director of the Division of 
the University extension, J. S. Mc 
Intyre, Associate Director and Profes 
sor W. G. McElhinney, Head of the 
Chemical Engineering Department 
and the writer, an agreement in prin 
ciple was reached and reservation was 
made for a plastics course in the busi 
ness and industry extension session 
which is conducted during the fall 
and winter months. In keeping with 


1199 





the University policy of having a 
faculty member represented on courses 
professional 
McElhinney was 
appointed by the University to assist 
the Ss P E 


gramme 


sponsored by outside 


groups, Professor 


in carrying out the pro- 


Aims of Course 

In determining the direction the 
course should take, it was recognized 
that one of the main problems facing 
the Canadian Plastics Industry is the 
lack of trained people with a broad 
understanding of the total field of 
plastics technology. While there may 
not necessarily be any immediately 
obvious value, to say an 
knowledge of 
thermosetting materials or reinforced 


injection 
moulder, to have a 
plastics techniques, the long term 
values of wider knowledge cannot be 
denied 

Further support for this view was 
contained in the answers to the ques- 
tionnaire. One person wrote: I would 
like to see a course that would en 
brace the entire plastic s field. Another 
wrote: We are 
by our lack of knowledge of other 


greatly handicapped 


divisions of the industry. As a result, 
it was decided to attempt as broad a 
coverage as possible The basic task 
accordingly became one of preparing 
i course which would cover more 
than any one man could gain by 
working in one company. To achieve 
this aim has been a challenging task 
in view of the range of levels and ex- 
participants 
included not only production 


perience among’ the 
These 
men but also material suppliers, cus 
tom moulders, ete. The broad scope 
implied by the title of the course 
‘Fundamentals and Technology of 
the Plastic Industry” obviously meant 
that many different technical disci 
plines would be involved. The le« 
tures had to cover fully the present 
state of the industry, the physical and 
chemical properties of plastics, their 
production, manufacture and finishing 
ind all the useful information which 
inyone working with plastics in any 
part of the industry would require 

Despite the emphasis on compre 
hensiveness, we were cognizant of 
the fact that the magnitude of this 
task could easily lead to a curriculum 
which would merely skim the surface 
without providing any real benefit to 
the students; it became, therefore. a 
matter of prime importance to see 
that the broad subject matter was 
balanced with corresponding depth of 
material in each area. 

lhe final decision of the educational 
cominittee was to present the course 
in 35 lectures over a two year period. 
The first year should, it was felt, con- 
centrate on the materials and should 
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Ontario Section Education Committee in Session Left to right: James 
Wallace, Plastene (Canada) Ltd., Ken Blakeley, Chemical Oil & Resin 
Co., Bill Berry, Bakelite Co. Ltd., Maurice Chazottes, Progressive Plas- 
tics Magazine, Jim Parkhill, Barnett J. Danson & Associates Ltd., Ra!ph 
Bruton, Dow Chemical Co., Dick Buhr, Canadian Industries Ltd. Absent 
when this photograph was taken—Harold Shure, Naugatuck Chemi- 
cals, Chas. Seay, Eastman Chemical Ltd. 


cover such aspects as their history, 
origin, raw material sources, physical, 


chemical and electrical properties, 
their limitations, and methods of thei: 


fabrication. 


Organization 

The purpose of the first 
coverage was to set up a suitable 
frame of reference for the second 
year of the course which would deal 
with specific equipment aud tech- 


years 


niques. 

The makeup of the first year con- 
sisted of: 

1. Introduction by the President of 
SPE in which an attempt was made 
to orientate the students with the in- 
dustry and to familiarize them with 
the history of its various branches. 

2. The second lecture entitled 
“Nomenclature of the Industry” was 
intended to generally acquaint the 
student with the technology that 
would be used by subsequent speakers, 
i.e. thermoplastics, thermosetting plas- 
tics, identification of families, defi 
nitions, etc. 

3 and 4. The third and fourth lec- 
tures were designed to show the 
methods of determining physical prop- 
erties of the materials and included 
an actual visit to the Labs at C.I.L. 

5. The fifth lecture was entitled 
“Polymerization Theory,” which at 
tempted to explain the theoretical as- 
pects of linkage and bondage that are 
fundamental to plastic materials. 

6. Lecture No. 6 covered the 

thermosets, phenolics, ureas and mel- 
amines and was the only lecture deal- 
ing with compression moulded mate- 
rials. 
7. The next 8 lectures dealt with 
thermoplastic materials in- 
cluding newer materials such as Del- 
rin, polypropylene and Lexan. 

8. Reinforced plastics were in- 
cluded under one heading and covered 
epoxies, polyesters, silicones and al- 


kyds. 


various 


9. Foam plastics were similarly 
covered in one separate lecture and 
included vinyls, polyeurathanes, ete. 

Near the conclusion of the course, 
two lectures were devoted to process 
ing techniques for thermoplastics and 
thermosetting plastics. Both of these 
lectures were very general and were 
merely intended to prepare the stu 
dent for more detailed study in the 


next years’ course. 


Speckers 

While it was originally the inten 
tion of the Education Committee to 
act as a co-ordinating body and to 
serve in an advisory capacity to the 
University, it became apparent in the 
early stages that much more than this 
would be expected. The highly tech 
nical nature of nearly all of the lec- 
tures precluded the possibility of thei: 
being presented by anyone but an 
authority enlisted from the ranks of 
industry, and, 17 of the 18 lectures 
delivered the first year were by men 
with considerable experience in thei: 
respective fields. The choice of lec 
turers was based principally on repu 
tation and every effort was made to 
secure leading figures not only from 
Canadian but also from the American 
plastics industry. Whenever possibl 
lecturers were given guidance in th 
aims and purposes of the course by 
members of the SPE Education Com 
mittee and by the University. 

In general, all of the lectures were 
so well received (as demonstrated by 
a substantial increase in enrollment as 
the course progressed) that it is dif 
ficult to pick any outstanding per 
formance. Special tribute is due to 
R. K. Buhr, who in addition to his 
duties on the education committee, 
delivered three of the lectures on the 
programme; and to Professor Mc- 
Elhinney, who delivered a key lecture 
on polymerization theory as well as 
acting as course director. 
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University of Toronto Course on 
Fundamentals and Technology of the Plastics Industry 
sponsored by Ontario Section of SPE 


(second half of two-year course) 


| PROGRAMME 


Section | 


METHODS OF PROCESSING THERMOSETTING PLASTICS 


October 4th 


Opening Remarks: James E. Park 
hill, Barnett J. Danson & Associ 
ates Ltd 


COMPRESSION MOULDING 

THERMOSETTING PLASTICS 
Lecturer 

Roy Wilson, F. J. Stokes, Can. Ltd 
October | 1th 


FUNDAMENTALS OF THERMO 
SETTING MOULD DESIGN 


Lecturer 
D. M. Buchanan and E. W. Vaill 
Union Carbide Plastics, New York 


Section I 


October 18th 
MOULDING THERMOSETTING 
PLASTICS 

Lecturer 
H. A. Gadd Plastics Section, 
Canadian General Electric 

October 25th 
FINISHING EQUIPMENT AND 
TECHNIQUES 

Lecturer 
E. Burro, Durez Plastics, Hooker 
Electrochemical 

November Ist 
REINFORCED PLASTICS TECH 
NIQUES 

Lecturer 
F. Harold Humphrey, Consultant, 
Markham, Ontari« 


METHODS OF PROCESSING THERMO PLASTICS 


November 8th 
INJECTION MOULDING MA 
CHINE ELEMENTS 
Lecturer 
David J. Sloane, Lester Engineer 
ing Co., Cleveland 13, Ohio 
November 15th 


FUNDAMENTALS OF THERMO 


PLASTIC MOULD DESIGN 
Lecturer 
L. W. Meyer, Dow Chemical Co 
Midland, Mich 
November 22nd 


MOULDING THERMO PLASTICS 


Lecturer 
M. Billings, Dow Chemical Co 
Sarnia, Ontario 


Section II] 


November 29th 


INJECTION MOULDING AUXILI 
ARY EQUIPMENT 


Lecturer 
A. R. Morse, Injection Moulders 
Supply, Cleveland Ohi 


December 6th 


FINISHING EQUIPMENT AND 
TECHNIQUES 


Lecturer 
L. J. Shehan, Canadian General 
Electric Co Ltd Cobourg, On 
tario 


EXTRUSION EQUIPMENT AND TECHNIQUES 


January 10th 
EXTRUSION MACHINE ELE 
MENTS 

Lecturer 
George L. Bata, Carbide Chemi 
cals, Montreal, Quebec 

January 17th 
EXTRUSION 
MENTS 


MACHINE ELE 


Section IV 


Lecturer 
George L. Bata, Carbide Chemi 
cals, Montreal, Quebec 
January 24th 
EXTRUSION TECHNIQUES 
THERMOPLASTIC MATERIALS 
Lecturer 
George L. Bata, Carbide Chemi 
cals, Montreal, Quebec 


BLOW MOULDING AND VACUUM FORMING 


February 7th 


BLOW MOULDING EQUIPMENT 


AND TECHNIQUES 


Lecturer 


Glenn A. Tanner, Auto Blow Co 
Bridgeport, Conn 


February 14th 
VACUUM FORMING EQUIP 
MENT AND TECHNIQUES 
Lecturer 
W. Blamey, Auto Vac Co., Bridge 
port, Conn 
February 21st 
PANEL DISCUSSION 


Presentation of Certificates 
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As might be expected, the adminis- 
tration of the series was not all smooth 
sailing. For example, as the lectures 
progressed, it was found that some 
of the material was pitched at too 
high a level. Constant surveillance by 
the committee, however, permitted us 
to benefit from our early experiences, 
so that we were able to better advise 
our later speakers as to the desired 
content of their talks. Specifically, ad- 
verse comments were received when 
emphasis was placed on chemistry as 
opposed to application and properties. 
There was a definite preference by 
the majority of students for informa- 
tion of a practical nature which could 
be more directly related to their work 


Attendance 

According to records kept, 237 
people registered for the first year. 
Over 200 attended 85% of the lec- 
tures and thus qualified for a certifi- 
cate of attendance to be presented at 
the end of the second year. Needless 
to say, this represented a very high 
enrollment and an outstanding attend- 
ance record. The significance of this 
can be better appreciated when it is 
realized that in many instances people 
came from moulding shops and proc- 
essing plants in out-of-town locations. 
Often this necessitated trips of over a 
hundred miles in an evening. While 
the registration fee of $25.00 was 
usually borne by their companies, 
some of the students absorbed it 
themselves and in addition they paid 
their travelling expenses to and from 
the University. 

While considerable success was 
achieved in attracting a number of 
persons within the industry, the num- 
ber was not as high as originally hoped 
for. Approximately 60% of those en- 
rolled were directly connected with 
the plastics industry; the rest were on 
the fringes of the industry and repre- 
sented occupations such as design 
engineers, architects, engineering stu- 
dents, teachers, consultants, etc. The 
fact that there were fewer persons 
than expected from industry, un- 
doubtedly is due to a number of fac- 
tors. One may be that traditionally, 
educational programmes have been 
devoted primarily to meeting the 
needs of initiates rather than persons 
of experience. 


Acknowledgments 


This report has been written in the 
hope that it will assist other sections 
of the SPE who are considering 
sponsorship of an Extension course in 
plastics technology at the university 
level. 





double your 
thinking 
capacity ? 


A tall order. But not impossible. It’s just what you have the potential 


of doing by reading scientific publications that report advanced re- 


search in your own field. Call it what you will, scientific insight, intui- 
tive contemplation, or by any other name, but the possibility is always 
present that you may be able, in the solution of your own scientific 
problems, to apply some principle or idea gained from reading the 
written thoughts of others. One key sentence may double your thinking 
capacity on a given problem by the simple transfer of knowledge. If 
your field is polymer theory, science and engineering, you may be able 
to double your thinking capacity by reading SPE TRANSACTIONS, 
new publication of SPE. Beginning in January, 1961, and continuing 
quarterly thereafter, TRANSACTIONS will publish results of ad- 
vanced research in the polymer field which will have far-reaching 
effects on the scientific and technological developments of tomorrow. 


Send in your subscription today. 





MEMBER 
1 Year 
2 Years 18.00 the following period 
3 Years 25.00 C1) 1 Year 2 Years 3 Years 


$10.00 Please enter my subscription to the new SPE TRANSACTIONS for 


NON-MEMBERS on 
U.S. & North American 
1 Year $15.00 


2 Years 28.00 
3 Years 40.00 


treet Address 


NON-MEMBERS 
Foreign 


Year $25.00 
Years 47.00 Member ] Check enclosec 


Title or position 


Years 67.00 ] Non-Member Bill me later 











mail coupon to SPE TRANSACTIONS 65 Prospect Street, Stamford, Conn. 
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Packaging Notes 


‘“*Rack-packaging’’ impulse buying 
items completely in one operation is 
now possible with this latest model, 
illustrated. Packager-Sealer which forms 
package around a product from open-end 
polyethylene film now comes equipped 
with two new accessories. 

Using film with heat-sealed header, 
machine forms and seals package—while 
new Register-Perforator (A) punches 
4” holes in header at desired intervals, 
and new Skip-Slit Perforator (B) perfo- 
rates along width of bag (top or bottom ) 
for zip-off opening. 

Machine with attachments saves one- 
half the cost of preformed bags, saves 
cost of grommets and grommeting opera- 
tions, and reduces inventory of materials. 
Accessories also available separately. 


(Photo courtesy See-Safe Machine Co.) 


A compact, single-drum flexographic 
press, designed to meet the packaging 
industry’s demands for close register 
color printing on narrow web widths of 
polyethylene, has recently been intro- 
duced. Reportedly, it is useful for shorter 
runs, incorporates principal features of 
larger flexographic presses. Cost is said 
to be comparable to that of many stack- 
type presses. 

Standard equipment includes a 30” 
diameter single-impression cylinder with 
four color stations; new positive-locking 
device for color and plate cylinder 
frames. This device eliminates vibration, 
assures accurate adjustment and print- 
ing quality. 


(Photo courtesy Hudson Sharp Machine Co.) 


Polyethylene handles on 25-lb. multi- 
wall bags of granulated salt are being 
received favorably by consumers, accord- 
ing to a recent announcement. Injection- 
molded, the sturdy handles are simply 
sewn under the top tape during the end- 
ing operation. Bags need no special 
handling, as carriers lie back flat during 
filling, stacking, palletizing and shipping. 


U.S.1.-International Constructing Offices 
and Laboratory in Baar, Switzerland 


Will Help European Polyethylene Processors Expand Market, Improve Products 


A new customer service laboratory 


constructed at Sihlbruggstrasse, 


and office building is currently being 
jaar, Switzerland, by U. S. Industrial 


Chemicals Company- International—officially incorporated October, 1959, 


A model of the new laboratory and office being 
built by U.S.1.-International in Baar. The labora- 
tory will be used to demonstrate best techniques 
for processing polyethylene. 








Polyethylene Used for 
Insulators in Nuclear 
Weapons Research 


Two large polyethlene insulators, 18% 
inches in diameter, have been made for 
use with a unique electrical switch in the 
discharge of heavy current loads from 
large condenser banks. Insulators and 
switch are reported to be part of research 
equipment used by nuclear physicists in 
the simulation and study of various as- 
pects of nuclear weapons systems. 

Polyethylene was chosen for its good 
insulating qualities, it is reported. Each 
insulator is said to be capable of with- 
standing voltages in the neighborhood 
of 100 kilovolts. The insulators were 
carefully milled to ensure design com- 
patibility with the special two-million- 
ampere switch. 


Milling polyethylene insulator for use with unique 
electrical switch in nuclear weapons research. 
(Photo courtesy Boeing Airplane Co.) 


as Sales and Development Company of 
National Distillers and Chemical Corpo- 
ration (International) S.A. Temporary 
headquarters are at Kirchenstrasse 13, 
Zug, Switzerland. The new building in 
Baar, Canton of Zug, is scheduled to be 
ready for occupancy about July, 1961. 
Serves PETROTHLNE Customers Abroad 

The new facility will support the 
efforts of U.S.1.-International’s repre- 
sentatives, through whom sales of PET- 
ROTHENE polyethylene resins will con- 
tinue to be made. It will help them 
provide their customers with the close 
technical assistance which the polyethy- 
lene market demands. Experienced per- 
sonnel will conduct research and evalua- 
tion studies to help improve products and 
develop new consumer markets. The 
United Kingdom, as well as European 
countries, will be served. 


Well-Equipped Laboratory 
The laboratory will be fully equipped 
with processing and test equipment de- 
signed to meet European standards and 
operating conditions. It will be used to 
demonstrate the best techniques for proc- 
essing polyethylene into finished articles. 








How to Build a Boat Shelter 


To protect your boat against winter 
winds and snow, store it under polyethy- 
lene film. Lightweight, easy to handle, 
and inexpensive, it can be supported on 
a framework that’s lighter and less ex- 
pensive than the kind required by canvas 
coverings, according to the Canadian 
owner of a 37 ft. cruiser. He recommends 
building framework of bolted 2” x 2” 
lumber around the craft, covering it with 
4 mil. black polyethylene, leaving a little 
slack. He makes vents in the roof, allows 
two feet between cover and ground. 








U.S.I.Names New Vice-President 


Paul J. La Marche has been made Vice- 
President of Production for U.S. Indus- 
trial Chemicals Co., Division of National 
Distillers and Chemical Corporation, it 
was announced by Robert E. Hulse, divi- 
sion General Manager and Executive 
Vice-President of the corporation. 

Mr. La Marche joined the U.S.I. or- 
ganization in 1949. Shortly afterward 
he became Manager of Sodium Sales. 
From 1951 to 1958 he was manager of 
the company’s Ashtabula, Ohio, plants. 
He became Director of Production in 
October, 1958. Mr. La Marche is a gradu- 
ate of Case Institute of Technology. 








POLYETHYLENE 
PROCESSING TIPS 


Series V, No. 6 


ANNEALING CHAMBER IMPROVES 
OPTICAL PROPERTIES OF 
POLYETHYLENE FILM 


Clarity and gloss of blown polyethylene film are sub- 
stantially improved by enclosing the blown tubing with 
an annealing chamber, or “chimney”, located between 
the extruder die and air ring. (See schematic below.) 
The new technique has little significant effect on the 
strength characteristics of the film. It does, however, 
require closer control to maintain bubble stability. 

The chimney, a development of U.S.I.’s Polymer Serv- 
ice Laboratory, can be made of inexpensive materials 
such as cardboard, glass or insulated metal. It can be 
constructed in two sections or hinged, to eliminate 
threading the “bubble” through the chamber. 

Although chamber diameter is not critical, best results 
are obtained with a chamber diameter 2” to 3” larger 
than the die diameter. 


Importance of Retention Time 


The degree of improvement in optical properties depends 
on retention time — the time it takes extruded film to 
travel from die lips to top of the chamber. This is a 
function of haul-off speed and chimney height. 

A retention time of 2 seconds gives maximum optical 
improvement but requires a chamber height of 30” at 
haul-off speeds of 75 ft/min. This is not feasible from a 
production standpoint as serious blocking of warm film 
occurs and gauge is difficult to control. 

With respect to production, a retention time of one 
second seems optimum. This gives significant optical 
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improvement at more realistic chamber heights — 10”- 
14” — and haul-off rates — 50-70 ft/min. 


Effect on Film Properties 


Test results given in the accompanying table show that 
the annealing chamber improves the optical properties of 
film made from some polyethylene resins more than others. 
In both transmittance and gloss, low-density resins are 
improved more than higher-density resins; and higher- 
melt-index resins more than lower-melt-index resins. 
An increase in blocking and reduction in slip may 
occur in some cases due to less time available for cool- 
ing. This can usually be corrected by increasing the 
distance between the die and the nip rolls, or by use of 
anti-block agents and higher slip formulations. 


Technical Help and Data Available 


U.S.I. engineers are continuing work on the annealing 
chamber study. They will be glad to consider your par- 
ticular operation and help in adapting the method to 
your needs. You are also invited to write for a new paper 
describing the annealing chamber in greater detail. 
Address Technical Literature Department, U.S. Indus- 
trial Chemicals Co., 99 Park Ave., New York 16, N. Y. 


How Annealing Affects Optical and Strength Properties 
of Film from PETROTHENE® Polyethylene Resins 








239-27 205 200-28 201 
(5/MI; 0.929 (3/Ml; 0.924 3/MI; 0.916 (5/MI; 0.916 
density) density) density) density) 


PETROTHENE 
Resin 





Retention 
Time, Sec. 0 1 0 1 0 1 0 1 


Haze, % 79° 78 79. 62105 68 OS 5.1 


10.2 118109 123 75 93 69 104 


68 72 54 61 38 57 39 70 


Gloss, % 
Transmit- 
tance, % 


Impact 
Strength 
Sand Bag, ft. 1 is 7 >9 


Dart Drop, g. 215 80 -— 
Elmen. Tear 
M.D. 175 


T.D. 170 
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2 WAY 
CVINGS 


WITH D-M-E 
STANDARD 
MOLD BASES 


ADDED QUALITY 

Exclusive design features provide extra-cost 
construction at standard prices! You get 
first-quality carbon or alloy steel, all sur- 
faces ground flat and square, plus these 
features offered only by D-M-E: Patented 
tubular dowel construction; one-piece ejec- 
tor housing; stop pins welded to ejector bar; 
sizes to 2334" x 3514"; and the assurance 
that every D-M-E product is inspected 
by the most modern methods and equipment. 


4 GREATER ECONOMY 


Interchangeability lets you replace any component without 
special fitting or re-working! What’s more, you can select from 
the widest range of Standard Mold Bases available anywhere— 
over 7,000 cataloged combinations. 


FASTER SERVICE >} 


Delivery from local stock means 
you get Standard Mold Bases, 
components and moldmakers’ 
supplies when you need them 
—direct from D-M-E’s fully- 
stocked local branches! 


ie VOU DETROIT MOLD ENGINEERING COMPANY 





GETTING 
6686 E. McNichols Road—Detroit 12, Michigan—TWinbrook 1-1300 


THE NEWS? 
)\ Contact your nearest branch for fast deliveries! 
0 CHICAGO - HILLSIDE, NJ. + LOS ANGELES 
D-M-E’s monthly 
60-B 





publication is full D-M-E Corp., CLEVELAND, DAYTON; D-M-E of Canada, inc, TORONTO 


of cost-saving ideas for designers, 


moldmakers and moiders. Write 
on your letterhead—we’ll place One-call service on Standard Components for Plastic Molding and Die-Casting 


your name on the “NEWS” Injection and Compression Mold Bases « Injection Unit Molds « Cavity Retainer Sets « Mold Plates « Ejector and 
mailing list. No cost, no obligation. Core Pins « Ejector Housings + Leader Pins and Bushings « Sprue Bushings « Moldmakers’ Tools and Supplies 
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custom-tailored... 


Nothing can match the fit of a suit made to your measurements. And nothing 
can match the performance of an NRM Pacemaker extruder custom-built, 

using standard interchangeable components, to your exact production requirements. 
NRM’s modular construction allows you to specify the right combination of 

drive horsepower, speed range, thrust capacity, screw type and heating-cooling 
systems for your particular operation. Find out how Pacemakers can meet 
today’s — and can adapt to tomorrow’s — production needs in your plant. 

Call, wire or write today. Ask for Bulletin PM-100. 


LR 

NATIONAL RUBBER MACHINERY COMPANY 
24 P= ie General Offices: 47 WEST EXCHANGE ST. e AKRON 8, OHIO 
L(A 








A Staff Feature 


SPEAKING OF 
EXTRUSION 





Interest High in 
Maintenance Ideas 
for Extrusion 
Equipment 


following are excerpts from 
just a few of the many 
letters received from 
readers of the maintenance 
article published by the 

SPE Journal in May 1960 


We liked the Special Feature in your 
May SPE Journal. L. J. Swift, General 
Manager, Industrial Plastics Corp 


Please send as soon as possible a copy 
of extrusion maintenance article. Leora 
E. Straka, Goodyear Tire and Rubber 
Co 


The article was patterned along the 
lines thot are useful to some of our 
affiliates. P. J. Bonnell, Tech. Service 
Manager, U.S. Rubber International 


Please send the writer two check-lists 
for extruder maintenance. V. W. Car- 
ver, Waldron-Hartig Div., Midland-Ross 
Corp 

. 


Please send 10 copies. Ray Frost, K-S-H 
Plastics, Inc 


Please send 3 copies of the mainte- 
nance article. H. Schumacker, Plastic 
Academy Products Corp. 


We would like to have 10 copies of 
the check-list. Irving Abramowitz, Vice 
President-Manufacturing, Caron Prod- 
ucts Corp 

e 


| would like to obtain 100 copies of 
our article Maintenance of Extrusion 
quipment. J. F. Pilaro, Customer Serv- 

ba ngineer, U.S. Industrial Chemicals 
o. 
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Technical Upgrading 
of Extrusion 

and Process 

Line Operators 


Wide response to SPE Journal article describing maintenance of 


extrusion equipment points up need for exchange of information 


and ideas on equipment maintenance 


he SPE Journal has published in 
yt the past several months a series 
of articles on maintenance and 
operation of extrusion and molding 
equipment (May page 489, June page 
599, July page 682) 
reprints and the expression of opinions 
of these articles by the plastics in- 
dustry (see box, this page) has indi- 
cated a high level of interest. 

Based on this interest, the editors 
of the SPE Journal feel that there 
may well be an area where the SPE 
Journal could be a national clearing 


rhe response for 


house and focal point of information 
and interchange of knowledge at the 
operator level. 

We are 
page in this Speaking of Extrusion 
Feature, three 
times a year, where you or your oper- 


considering devoting a 


either quarterly or 
ator could write for advice on a me- 
chanical maintetr ince or operational 
problem on any plece of processing 
equipment. 

The daily responsibility for mainte- 
care of your processing 


nance and 


equipment rests with the operator 
Providing a “point of communication” 
for his problem and the solutions of 
those problems should help him bet- 
ter able to carry out these responsi- 
bilities. The editorial staff of the 
Journal has the full cooperation of 
every equipment manufacturer, and 
will publish answers supplied by 
them to problems sent in by process 
engineers or operators. Likewise, the 
ideas and 


would welcome 


which 


editors 

methods 
successfully 
problems. Such interchange of infor- 
mation can only benefit the entire in- 


have been used in 


overcoming production 


dustry. 

It is to the industry’s advantage to 
upgrade the 
level of the operators of this equip- 


technical knowledge 
ment. The editors would sincerely ap- 
preciate a letter 
your thoughts on the value of such a 


card or indicating 


feature. 


edited by Bruce H. Maddock, 
Union Carbide Plastics Co. 
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You can get fast service on this broad line 


ANYWHERE IN THE U.S.A. 


To provide even better service on your plastics FARREL-BIRMINGHAM COMPANY, INC. 
molding machinery requirements, Watson- WATSON-STILLMAN PRESS DIVISION 


Stillman has added a number of new distributors . ech 10.N.Y 

to those already situated throughout the U.S.A. » ay ere a ‘ti a, a Rate and 

Any one of these distributors is ready to serve ants = /? “stv ae on 

os ye personal FOPTCSENLAVE . . . ASTUTING the European Office: Piazza della Republica 32, 

fastest possible delivery with a minimum of lost : 

. - : Milano, Italy 

time in order processing. ae ; Represented in Canada by Barnett J. Danson, 
From the company’s “Completeline” of equip- 1912 Avenue Road, Toronto, Ontario 

ment they can prescribe a machine that is tailored Represented in Japan by The Gosho Company, Ltd. 

to the job. Because Watson-Stillman makes all Machinery Department, Tokyo, Osaka, and Nagoya 

types in a wide range of sizes, there is never any 

) i ’ ) . 

need to compromise, And remember: behind the 

machinery stands experience as old as the 

industry. 


Need molding machinery? Contact the distrib- WATSON 
utor nearest you. To start with, ask for bulletins STILLMAN 


covering the products in which you are interested. 











FARREL WATSON-STILLMAN MOLDING 
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HARROD-CARLSON MACHINERY, INC. 


846 Lexington Street 
Waltham 54, Massachusetts 
Telephone: TWinbrook 3-1001 


R. A. YORK 

3 Roberts Road 

Plainfield, New Jersey 
Telephone: Plainfield 5-0303 


FARREL-BIRMINGHAM 
COMPANY, INC. 

344 Vulcan Street 
Buffalo 7, New York 
Telephone: Bedford 3440 


FARREL-BIRMINGHAM 
COMPANY, INC. 

665 West Market Street 
Akron 3, Ohio 

Telephone: POrtage 2-8871 
BURLEIGH & STOCKER 
MACHINE TOOL CO. 

23675 Woodward Avenue 
Pleasant Ridge, Michigan 
Telephone: JOrdan 4-6555 


MILLHOLLAND & CONRAD, INC. 
6325 Guilford Avenue 
Indianapolis 20, Indiana 
Telephone: CLifford 5-4176 
FARREL-BIRMINGHAM 
COMPANY, INC. 

10725 South Western Avenue 
Chicago 43, Illinois 
Telephone: PRescott 9-3421 
THE SATTERLEE COMPANY 
2200 East Franklin Avenue 


Minneapolis 4, Minnesota 
Telephone: FEderal 3-5264 
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10 
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D. A. OLSON COMPANY 

420 East 45th Street 

Seattle 5, Washington 
Telephone: MElrose 3-4133 


JAMES H. WOLCOTT MACHINERY CO. 
5819 Manton Avenue 

Woodland Hills, California 
Telephone: Diamond 6-6411 


SOUTHWEST MACHINE TOOL CORP. 
222 North 7th Avenue 

P.O. Box 13626 

Phoenix, Arizona 

Telephone: AL 3-4197 


FARREL-P!RMINGHAM 
COMPANY, INC. 

710 Peachtree Street, N.E. 
Atlanta 8, Georgia 
Telephone: TRinity 6-1352 


NICHOLAS AND PARKS 
MACHINERY COMPANY 
2800 Commerce Street 
P.O. Box 5729 

Dallas 22, Texas 
Telephone: RI 1-3246 


PEERLESS SUPPLY COMPANY, INC. 
701 Spring Street 

P.O. Box 36 

Shreveport, Louisiana 
Telephone: 42-41451 


WESSENDORFF, NELMS & CO. 
5535 Harvey Wilson Drive 
Houston 20, Texas 
Telephone: WA 8-5151 
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ELECTRICAL PARTS APPLIANCES HOUSEWARES 
Grace Helps Expand a lansowares Une 


New Part Holds the Line Against Rising Costs 
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PACKAGING PRODUCTS INDUSTRIAL COMPONENTS 


Plastics Development Pays Off for Hollow Products New Plastic Cooling Tower Grds‘Last Longer—Cool Better 




















These products offer concrete evidence of manufacturers who have realized the profit-making 


opportunities to be found in high density polyethylene from W. R. Grace & Co. New products 
. . products with greater 


. better products . . . products that last longer . . . cost less to make . 
sales appeal . . . products that complete a product line—all can start with Grex High Density 
Polyethylene. If you have an application for high density polyethylene—or think you have— 
it will pay you to call Grace. Grex is the trademark for W. R. Grace & Co.'s Polyolefins. 


w.e._GRACE «co. Sy 
CLIFTON, NEW JERSEY 
\ 


POLYMER CHEMICALS DIVISION \ 
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Stanford Research Institute, Menlo Park, California 


he mechanical properties of a 

I polymer, including its ultimate 
properties, depend on three fac 

tors l 
under which the properties are meas 


the physical state of the 
the structure of the 


the experimental conditions 


ured: 
polymer and (3 
Thus 


properties can be related to molecula 


polymer before mechanical 
structure and processes, the effects of 
these factors must be separated 
Depending on temperature and 
other experimental conditions, the 
properties of a polymer may be either 
glasslike, rubberlike, or liquidlike. For 
example (1), polyisobutylene of high 
molecular weight exhibits typical rub 
berlike properties at ambient temper 
ature under most experimental condi 
tions. But as either the temperature 
or the experimental time-scale is de 
creased, the properties became pro 
gressively more glasslike until even 


tually the material behaves like a 


typical organic glass (2 On the 


other hand, as either the temperature 
or the time scale is increased, the 
properties become progressively more 
liquidlike until the material behaves 
like a Newtonian 


linked polymers do not exhibit liquid 


Cross 


liquid. 


like properties because the crosslinks, 


if stable, preclude permanent defor- 
mation or flow 

Polymers in different physical states 
may have mechanical properties that 
either are inherently different or are 
different only under 


given exper 
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Ultimate 
Tensile Properties 
of Amorphous Polymers 


mental conditions. The latter behavior 
can be illustrated by considering two 
hypothe tical amorphous polyme rs, one 
having a glass temperature T, of 

80° and the other a T, of 50°C. At 
ambient temperature these polymers 
will have entirely different properties 
But it is possible for the two polymers 
to have nearly identical properties at 
the same number of degrees above 
their glass temperatures, 1. at equal 
values of T—1 On the other hand 
crystalline and amorphous polymers 
have inherently different mechanical 
properties, 

The mechanical properties of crys 
talline polymers are less amenable to 
being 


being interrelated and_ to 


related to molecular processes than 


are the properties of amorphous 
polymers at temperatures above T 
A crystalline 


rie chanical 


polymer has complex 


properties because the 
degree of crystallinity and the size 
shape and possible orientation of the 
crystallites depend on the chemical 
nature, the temperature, the state of 
deformation, and the previous history 
of the polymer 
have entirely 


Crystalline regions 
different 
properties than the surrounding amor 


mechanical 
phous phase The properties of the 
amorphous phase will be either glassy 
or rubbery depending on whether or 
not the temperature is below or above 
| ( rvstallizati m may even be pro 
duced by deforming a specimen of an 


otherwise amorphous material. Be 


1960 


cause of the compl x characteristic of 
crystallization and crystalline poly 
mers, this paper will be concerned 
primarily with polymers which remain 
umorphous under test conditions 
Although in an ultimate sense, the 
structure of a polymer determines its 
overall properties, certain structural 
parameters affect rather directly me- 
chanical behavior. For uncrosslinked 
polymers, molecular weight, molecu- 
lar weight distribution, and extent of 
chain branching affect the mechanical 
behavior, especially that observed at 
under 


either high temperatures or 


long experimental times. The proper 
ties of crosslinked polymers are af 
fected by the number of effective 
chains, their molecular weight and 
distribution, the sol fraction, and other 
network 


inter- or intra-chain attractive forces 


parameters. Also, specific 
such as those due to hydrogen bonds, 
can have a marked influence on me 


chanical behavior 


Experimental Methods 


Mechanical 
monly studied 3 


properties = are com 
by measuring the 
time-dependent stress (or strain) pro 
duced by the application of a strain 
Oo! stress which either remains con 
stant, increases linearly, or varies sin 
usoidally during the _ test. 
different experimental techniques yield 
different time-dependent quantities. 


When the deformations are small, the 


These 


121] 





mechani al response 1S linear Visco 


elastic, at least to a good approxima 


tion Under those conditions, the 
quantities obtained from various tests 
rrelated (4, 5, 6) provided 
they cover the same range of the time 
S¢ il Becaust 
chanical behavior extend over many 


decades of logarithmic time, different 


can be inte 


the transitions in me 


experimental methods are commonly 


used to cover a wide range of the 
Thus, the different quanti 
ties measured must be converted into 
betore the 

the different tests can be 
On the other hand, for 


viscoelastic behavior, no general meth 


time scale 
i single one results from 
combined 


non line ul 


ods are known for interconverting the 
results obtained by the use of differ 
ent experimental techniques 

Although the mechanical properties 
of polymers are in general time-de 
pendent, crosslinked polymers exhibit 
time-independent or equilibrium prop 
erties under certain « xperimental con 
ditions. The 
such polymers becomes more nearly 


mechanical response of 


equilibrium is either the temperature 

the time scale is increased Thus 
testing a specimen slowly at an ele 
vated temperature usually gives an 
equilibrium or near-equilibrium stress 
Strain curve 

Ultimate properties of polymers are 
commonly measured in tension. Al 
though 


can be used 


many expe rimental methods 
common ones involve 
measurement of the stress (or strain 
produced by 


stress 


applying a strain oI 
which increases linearly with 
time until the specimen breaks. The 
stress and strain immediately prior to 
rupture are ¢ illed the ultimate stress, 

the stress-at-break*®, and the ulti 
mate strain. Usually the stress is de 
fined as the applied load divided by 
the initial cross-sectional area of the 
specimen Because the cross-sectional 
area decreases during a test, the stress 
ordinarily reported is usually con 
siderably less than the true stress, the 
stress based on the cross-sectional 
irea of the stressed specimen 

Ultimate tensilk properties ire also 


measured by subjecting a speci 


men to a constant stress (usually a 


constant load ind observing — the 


time-to-rupture ind the ultimate 


strain. Likewise 1 specimen can_ be 


subjected to a constant strain and the 


time-to rupture nd the stress-at-break 


measured >) 


For in umorphous polymer ulti 


mate properties measured at different 


I 


gth is usually de 
s developed during 
ems desirable here 
r the stress-at 
uantity the tensile 
1 Maximum stress 


strain rates and 


constant tempera 


tures can often be interrelated, as 
discussed subsequently. Also, 


erties measured under different con- 


prop- 


strains and 


stant temperatures can 


possibly be interrelated. However 
methods for interrelating the data ob 
tained from different experimental 
techniques do not exist. In fact few, 
if any, data of this type have been 
published, although Coleman (9) has 
reported and interrelated the tensile 
strengths of a fiber measured under 
constant loads and a constant loading 
rate 

In addition to the large effort re 
quired to obtain data under a variety 
of conditions, certain experimental 
difficulties associated with poor rr 
producibility are not infrequently en 
countered (10). For example, Kase 
11) tested under identical conditions 
a large number of specimens from a 
single batch of an SBR rubber. He 
found the varied 
widely, and thus he could character 


tensile strength 
ize the strength of the material by 
only a most probable value or a dis 
tribution of values. To obtain such 
values under a variety of experimental 
conditions prohibitive 
amount of work. In addition, it has 
been found (10, 12) that ultimate 


CTOSS-Se€C 


requires a 


properties depend on the 
tional area and the length of the spec 
imen tested; the smaller the cross 
sectional area and the shorter its 


length, the greater is its strength 


Theoretical Considerations 


Testing amorphous polyme rs at 
various strain rates and temperatures 
gives Stress-strain curves like thos« 
shown schematically in Figure 1. The 
envelope ABC shows the dependenc: 
of the ultimate stress and strain on 
either strain rate or temperature, and 
OA represents the equilibrium stress 
strain curve 

Strictly speaking, equilibrium con 
ditions probably cannot exist along 
OA in the vicinity of point A. Exclud 
ing the rupture point, an equilibrium 
curve exists in the sense that measure 
ments at rates below some value give 
curves that are independent, or 
nearly so, of rate. And measurements 
made at a fixed rate but at several 
temperatures give curves that are in 
dependent of temperature provided 
the temperatures are sufficiently high 
Such behaviors are observed only if 
chemical degradation does not occu 
and a correction 1s made for the small 
equilibrium 


increase mn stress pro 


duced by a increase 
Even though these criteria for equi 


librium are met, the ultimate. stress 


temperature 


ind strain depend somewhat on the 


testing rate and temperature. This 


Figure 1. Schematic representa 
tion of the variation of stress- 
strain curves with strain rate and 
temperature. Envelope connects 
rupture points and the dotted 
lines illustrate stress relaxation 
and creep under different con- 
ditions (8) 


statement is based on the generally 
accepted hypothesis (13, 14, 9) that 
rupture, which requires breakage of 
primary valence bonds, is a process 
whose rate is affected by the existing 
stress. It is also based on the observa- 
tion (15, 16, 17) that the ultimat 
stress and strain of amorphous elasto 
mers do not attain constant values as 
the testing rate is decreased or the 
temperature is increased. Because 
rate and temperature affect the ulti 
mate properties to a relatively minor 
degree under the conditions described 
it can be assumed for present pur 
point A 
“equilibrium” ultimate properties 


poses that represents — the 

Suppose now that a specimen 1s 
stretched at the strain rate and tem 
perature required to traverse curv: 
OB and that the strain is held con 
stant after point D is reached. At the 
constant strain, the stress relaxes. as 
indicated by the dotted vertical line 


Figure 2. Experimental values of 
log ay for an SBR rubber com 
pared with the WLF equations 
Points labeled ‘‘from stress-strain 


curves’’ discussed in reference 


15 
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Figure 3. Variation of tensile strength of an SBR 
rubber with reduced strain rate Ra: 


(Ts 263°K.) 


Values measured at various temperatures and rates 


(15) 


until it reaches point E on the equi 
librium stress-strain curve. On the 
other hand, if the stress is held con 
stant after point D is reached, the 
strain increases, as indicated by the 
dotted horizontal line, until it reaches 
point F on the equilibrium stress 
strain curve. Next suppose that curve 
OB is traversed until 
reached and thereafter the strain is 


held constant. The stress relaxes, but 


point G is 


because no equilibrium stress exists 
for the strain represented by point G, 
the specimen should eventually break 
Likewise, if the stress is held con- 
stant after point G is reached, the 
strain increases, but because no equl 
librium strain exists for the stress rep- 
resented by point G, the specimen 
should eventually break 

These qualitative considerations 
show that the problem of understand 
ing the ultimate tensile properties of 
amorphous elastomers can be subdi 
vided into two parts. The first part 
deals with the questions of why the 


markedly 


with the experimental conditions and 


ultimate properties vary 
how the values obtained under differ 
interrelated. The 
second part deals with relations be 


ent conditions are 


tween the structure of elastomers and 
their ultimate properties. This latter 
can best be studied by obtaining data 
under conditions such that the in 
ternal viscosity has little or no effect 
on the stress-strain behavior prior to 
specimen rupture 

Bueche (14) has treated theoreti 
cally the effect of temperature and 
time scale on the tensile strength 
measured under constant stress and 
various strain rates. His theory (14 
which ignores the ultimate elongation 
predicts that the strength 
varies with temperature and_ time 


tensile 


scale because of the effect of internal 


viscosity. Furthermore, the tempera- 
ture dependence 1S predicted to be 
the same as for small-deformation 
viscoelastic quantities. To test the 
theory, Bueche (14 


tensile strength of polybutyl meth- 


measured the 


acrylate under various loads at differ- 
ent temperatures, but he did not 
measure the tensile strength at vari- 
ous strain rates. The dependence of 
the tensile strength on load was in 
reasonable. agreement with theory. 
However, Smith (15) measured the 
tensile strength of an SBR rubber at 
various strain rates and temperatures 
and found that the values did not 
agree with Bueche’s theoretical curve. 

Several theories have been proposed 
to explain the dependence of the ten- 
sile strength, measured in the absence 
of viscous effects, on network struc- 
ture. These theories have been re- 
viewed recently by F. Bueche (18 
However, little work has been di- 
rected toward understanding the ulti 
mate elongation and its relation to 
network structure, although one treat 
ment has been proposed (19 

In the remaining portion of this 
paper, data are presented to illustrate 
the effect of experimental conditions, 
physical state, and polymer structure 
on the ultimate stress and elongation 


Factors Affecting Ultimate 
Properties 


A. Experimental Conditions. A study 
(15) has been made to determine the 


effect of strain rate and temperature 
on the ultimate properties of an SBR 
rubber. Rubber rings were tested with 
an Instron tester at fourteen tempera- 
67.8 and 93.3°C and 
at a large number of rates between 
9.48 x 10° to 9.48 min" at each 
temperature. The data at each tem 


tures between 
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Figure 4. Variation of ultimate strain of an SBR rub- 
ber with reduced strain rate Rar (T; 
ues measured at various temperatures and rates (15) 


263°K.) Val- 


perature were plotted against log 1/R, 
where R is the strain rate. The result- 
ing curves were then shifted along 
the log 1/R axis to effect superposi- 
tion. The shift factors obtained by 
superposing both the tensile strength 
and ultimate elongation data are com 
pared in Figure 2 with the Williams, 
Landel, and Ferry (WLF) equation 


(20): 
§.86(T 
log ay = — 
101.6 
where ay is the shift factor, and T, is 
a standard reference temperature 
which usually is 50°C above T,. 
The WLF equation, which gives 
the temperature dependence of the 
internal viscosity, has been used ex- 
tensively to effect time-temperature 
superposition of small-deformation 
viscoelastic quantities. The constants 
8.86 and 101.6 are near-universal, i.e., 
they are nearly the same for all amor- 
phous ; although careful 
studies (21) have shown that they 
depend slightly on the nature of the 
polymer. The reference temperature 
in the WLF equation can be taken to 
be T,. When this choice is made, the 


polymers, 


numerical constants 8.86 and 101.6 
become 17.44 and 51.6, respectively 
This form of the WLF equation pre 
dicts that different amorphous _poly- 
mers are in corresponding tempera 
ture states at equal values of T I 
Figure 2 shows that the values of 
log ary obtained by superposing either 
the tensile strength or ultimate elon 
gation data are in good agreement 
with the WLF equation, provided T 
is taken to be 263°K. This value of 
r, was found by comparing graph- 
ically the experimental values of log 
ay with those predicted by the WLF 
equation. The value found is quite ac 





because, if 7 equals 7 
should be 60°C, which 
63°C ob 
dilatometric 
measurements. The agreement with 
the WLI equation shows that the 
tensil strength and the ultimat 


temperature 


curate 
50° ] 
value agrees closely with 


tained = directly from 


elongation depend on 


only because the internal viscosity 
changes. It also means that the ulti 
mate properties depend on the strain 
rate because viscous resistance of net 
work deformation increases with the 


rate 


All measured values of the ultimate 
properties of the SBR 
shown by the reduce | plots in Figures 
3 and 4. In these the loga 
rithm of the tensile strength and th 
ultimate strain are plotted against log 
l/Ra | 


reduce l 
Strain rate 


rubber ar¢ 


hgures 


where Ra is the 
Che S¢ 
structed by the use of ay values pre 
dicted by the WLF equation for tem 
peratures between 53.8 and 71°C 
it other temperatures the 

shown by the dotted line in Figure 


curves were con 


values 
ere used. It is seen that all exper! 
mental points lie reasonably close to 
the curves Thes curves show that 
strain rate the tensil: 
strength increases monotonically, ex 


vith ine reasing 


cept possibly at low temperatures o1 
high strain rates where cold-drawing 
of specimens occurred, and the ulti 


mate elongation increases from about 
100% to 600 ind then drops sh irply 


ward zero 


From the 


temperature dependence of ay, the 


reduced plots and_ th 
ultimat properties can be predic ted 
range of strain rate at 
At the refer 
ence temperature, which is 263°K for 


Ove! a Wi le 
te mper itures above 7 
the curves shown, a equals unity 
Thus, the 
ultimate properties over a wide range 
of strain rate at 263°K. At other tem 
appropriate values of 


curves show directly the 


peratures the 
iy must be used to convert the re 
into the strain rate 
R. which produces the same effect at 


duced strain rate 


temperature T as the strain rate R 


does at temperature T 


Implicit in the use of the reduced 
curves for predicting ultimate prop 
erties are the assumptions that heat 
ing effects are negligible and that the 
stress distribution in a specimen is 
uniform at all times during a test 
Heating of a specimen is most pro 

} 


nounced at low temperatures and 


high strain rates. At exceedingly high 
Strain rates, the resulting stress dis 
tribution will not be uniform becaus« 
effects. These 
mplic iting factors need to be con 
sidered when reduced plots are used 
to predict th 
} 


ties at h 


of wave propagation 


ultimate tensile prope1 


rates 
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The time-to-break t at a strain 
rate R equals y,/R, where y, is the 


ultimate strain. Thus, the ultimate 


properties, shown in Figures 3 and 4, 


can be plotted against log t,, as in 
Figure 5. The curves in Figure 5 ap- 
pear to be approaching asymptotes of 
zero slope at long times although, as 
discussed previously, such asymptotes 
probably do not exist 
ultimate 
parently had not been 


Because properties ap 
measured 
under conditions of constant. strain 
a study of this type was made re 
cently (8 whether 


or not a specimen maintained at con 


to determine (a 


stant strain will in fact show delayed 
rupture, (b) whether rupture is con 
trolled solely by viscous relaxation 


and (¢ certain relations between 
time-to-break 
constant strain and of constant strain 
rate 

The SBR rubber studied had, un 
fortunately, a molecular weight be 
tween crosslinks of nearly 16,000 
ilmost double that of the SBR studied 


previously at various strain rates (15 


under conditions of 


Specimens were subjected to constant 


strains, and the resulting stresses 
were measured either until rupture 
occurred or for periods up to about 
seven days. Such tests were made at 
eight temper itures between 1.7 and 
60°C. The experimental techniques 
and the results are discussed in detail 


elsewhere (8 


rypical results are presented in 
Figure 6 which shows relaxation data 
obtained on eight specimens main 
tained at elongations between 350 
and 525% and at 1.7°¢ The solid 
and the dot 
ted line represents the stress-at-break 
as a function of time All data ob 
tained at 1.7, 7.2, 12.8, and 18.3°¢ 


are shown in Figures 7 and 8 where 


circles indicate rupture, 


the ultimate elongation and the loga 
rithm of stress-at-break are plotted 
against log t, The quantity A is 
irbitrary and is used only to separate 
the curves for clarity Similar data 
were also obtained at four tempera 
tures between 29.4 and 60°C. The 
data, which for the most part appear 
to be reasonably reproducible, demon 
strate conclusively that delayed rup 
ture of a specimen maintained at a 


constant elongation can occur 


Both the stress-at-break and the 
ultimate elongation data at the eight 
temperatures were shifted along the 
log t, axis to effect superposition. Be 
cause some of the data could not be 
superposed well, precise values could 
not be obtained for certain of the 
shift factors ay. Although the values 
obtained are consistent with the WLF 
equation, they are not sufficiently pre 
cise and do not extend over a suffi- 


Figure 5. Ultimate property data 
from Figs. 3 and 4 plotted against 
time-to-break reduced to — 10°C 


(8) 


ciently range te 


wide temperature 
prove that the rupture is controll 


solely by viscous relaxation. But th 


results, when considered along with 
those obtained at constant strain rates 
15), strongly suggest that the rup 
ture is controlled by viscous relaxa 
tion, except pr ssibly at the highest 
temperatures 
Ultimate properties of the SBR 
rubber were also Trt asured at seve ral 
strain rates and various temperatures 
Such data were needed so that a com 
parison could be made of the time-to 
break under 
strain and of constant strain rate. The 
results show that for a given value of 
either the ultimat« elongation or the 
stress-at-break, the time-to-break un 
strain is less than 
Because 
obtained 


conditions of constant 


der a_ constant 
under a constant strain rate 
relatively few data were 
under constant strain rate, no quanti 
tative conclusions were reached about 
the relative effects of the two types 
of experimental 
time-to-break 

B. Physical State. The WLF equa 


tion predicts that polymers are In col 


conditions on the 


re sponding temperature states at equ ul 
values of T—T,. Thus, certain poly 
mers which have the same number of 
effective network chains per unit vol 
ume (».), ie., have the same equi 
librium modulus, but have different 
glass temperatures might be expected 
to have the same ultimate properties 
In corresponding states. In any event 
ultimate properties of different poly 
mers should be compared at equal 


values of T—T, 


tions are made regarding possible re 


before any specula 


] 


lations between their structure and 


ultimate properties 

Four polyurethane elastomers (22 
have been prepared from polyoxypro 
pylene glycol 2025, 1, 1, 1-trimethy 
either 


6-diisocyanate 


hexamethy 
toluene-2, 4 
m-phenylene 


lolpropane, and 
lene-1. 
diisocyanate, diisocva 
nate, or naphthalene-1, 5-diisocyanate 
These elastomers had similar values 
of v. (calculated from their equilib 
rium moduli) but had T 

67.5 to {e+ 


values 


They 


ranging from 
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Figure 6. Stress relaxation of an 
SBR rubber at 1.7°C under elon- 
gations from 350 to 525%. Solid 
points indicate rupture. (SBR dif- 
ferent than for Figs. 2-5) [8] 


were tested at a strain rate of about 
3 min” and at various temperatures 
between 10 and 70°C. Figure 9 
shows that their ultimate properties 
ire markedly different. But when the 
properties are plotted against T—T 

g 10, single curves are ob 
Within the 


certainty, it is thus concluded that 


is in Figure 
tained experimental un 
these elastomers have the same ulti 
mate properties in corresponding 
states 

Other examples 16, 22, 23 


been given which show that certain 


hav e 


elastomers have the same _ ultimate 
properties in corresponding tempera 
ture states. As expected it has also 
been found that the ultimate proper 
ties of different elastomers, which have 


markedly 


properties even in 


similar values of »., have 
different ultimate 
correspt nding states. Such differences 
can potentially be related to different 
inter- or intra-chain attractive forces 
and to different arrangements the net 
work chains 

C. Polymer Structure. Obtaining a 
improved understanding of relations 
between ultimate properties and poly 
mer structure is now hampered by 
the lack of extensive data of the pro 
per type. Much existing data have 
been measured under poorly defined 
it is often not known 
whether or not the data were influ 
enced by the internal viscosity. To 
ultimate 
measured at a 


conditions, e g 


prevent such uncertainties 
properties should be 
series of temperatures in the range 
80 r—T 140°¢ 
data are obtained in the absence of 
viscous effects and that the data on 


different elastomers can be compared 


to assure that 


n corresponding temperature states 

Ultimate properties are affected 
pronouncedly by the irregularities 
and defects intrinsic to all networks. 
Such factors affect the ultimate prop 
erties because the chains in a network 
even those orientated in one direc 
tion) are not subjected to the same load 
when a specimen *s stretched. Bueche 
18) has estimated that the tensile 


Figure 7. Variation of the ulti- 
mate elongation with time-to- 
break for an SBR rubber under 
constant elongations. (Values of 
A are arbitrary. SBR different 
than for Figs. 2-5). [8] 


strength of a perfect network would 
be about 50,000 psi. This estimate 
indicates that network impertections 
are of major importance because ob- 
served tensile strengths are lower by 
factors of, say 10-500 

Some information has been obtained 
effect of 1 on the 
t some polyure- 


recently on the 
ultimate properties 


> 


thane elastomers (22 Che elastomers 


were prepared from toluene-2, 4-di- 
isocyanate and mixtures ot polyoxy- 
PPG) and 


Thev were 


propyl ne glycol 2025 
DPG 


dipropylene glycol 
SIX polyols and the 


crosslinked by 
concentration of each crosslinker was 
varied over a wide range. The PPG 
DPG ratio was adjusted to give all 
elastomers a urethane group concen 
tration (1 of 1.57 moles/kg; this 
gave elastomers having approximately 
the same 7 15 *¢ Values of : 
were calculated from measured values 
of the equilibrium, or near-equilib 
The ultimate proper 
measured at several tem 


rium, modulus 
ties were 
peratures at a strain rate of 3 min 

ind the results are shown in Figures 


ll and 12 


[he data in Figures 11 and 12 


show that the ultimate properties are 
inde pend nt of the type of crosslinker, 
within experimental error. For these 
elastomers, the tensile strength does 
not pass through a maximum with in- 
creasing 1 as has been reported by 
Taylor and Darin (24) for unfilled 
SBR vulcanizates and by Bueche (25 
for filled SBR vulcanizates. But the 
results obtained by Epstein and Smith 
19) on SBR_ vulcanizates strongly 
indicate that the 
by Taylor and Darin is spurious and 


maximum reported 


was caused by a viscous effect, i.e 
the stress-strain curves prior to rup- 
ture of certain vulcanizates were not 
When data were 
under 


equilibrium ones 
obtained 19 
equilibrium conditions, the maximum 


more-nearly 
in the plot of tensile strength against 
i disappeare 1 

The tensile strength (S, 
mate elongation (100 


and ulti 
data at the 


SPE JOURNAL, NOVEMBER, 1960 


Figure 8. Dependence of stress-at 
a break reduced to 286°K (S, 
286/T) on time-to-break for an 
SBR rubber under the constant 
elongations shown in Fig. 7. 
(Values of A are arbitrary. SBR 
different than for Figs. 2-5) [8] 


MPERA 


Figure 9. Temperature depen- 
dence of the tensile strength and 
the ultimate elongation of four 
polyurethane elastomers. Data 
measured at a strain rate of 3 
min"! 


HEXAMETHYLE 
TOLY é 
m— PHENYLE NE 
NAPHTHALENE 











6 ry 


° 


Figure 10. Data shown in Figure 
9 plotted against T-T, (22) 
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Figure 11. Dependence of the 
tensile strength on the number 
of effective chains per unit vol- 
ume. Data measured at a strain 
rate of 3 min™'. Elastomers are 
polyurethanes containing differ 
ent crosslinkers and crosslinker 
concentrations (Values of A are 
arbitrary.) {22 


three temperatures shown in Figures 
Il and 12 fit the equations > K 
T): and 100 y, K.(T): 

where K I and K lr) 


only of temperature These te mpera 


are functions 


ture functions equal the tensile 
strength and ultimate elongation, r 
spectively, of a hypothetical elasto 
mer for which v, equals unity. Al 
though K I and K.(T) are ind 


pendent of at least over a certain 


I 
range, these functions may depend on 
structure or chemical nature 
The dependence of K,(T) and K 
[) on structure can be illustrated 
by considering some data obtained on 
polyurethane elastomers (16) which 
were similar to those described above 
except they had a U 2.30 moles/k¢g 
(T 34 °¢ instead of 1.70 
moles kg l ‘SC For the 
elastomers having a U 2.30, values 
of K.(T) were evaluated at various 
temperatures. However, values of K 
I could not be obtained because 
the tensile strength was independent 
of v. over the range investigated; this 
range was narrower than for the other 
type of elastomers being considered 
Figure 13 shows plots of log K.(7T 
vs T—T 
ind: a plot of log K,(T) v 


for both types of elastomers 


T—T, for 


5 
the elastomers having a U 1.57 


For the elastomers having a ( 

1.57, values of K,(T) and K.(T) at 
the three lowest temperatures apply 
over a more restricted range of : 
than shown in Figures 11 and 12 
Figure 13 shows that K.(T 


on U. This dependence indicates that 


depends 
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Figure 12. Dependence of the 
ultimate elongation on the num 
ber of effective chains per unit 
volume. Elastomers and test con- 
ditions same as described under 
Fig. 11. (Values of A are arbi- 
trary.) |22 


o 8 


Figure 13. Variation of log K 
(T) and log K. (T) with T-T, for 
polyurethane elastomers having a 
U 2.30 (T 34°C) and a 
U Fae Ue: 48°C). |22 


certain specific differences exist in the 
structure of the two types ot elasto 
mers or in the characteristics of their 


chains. 
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Light in weight, about half that of a lumber 
form, they can be handled and erected more 
| economically. 


; Highly resistant to abrasion, they can be used 
@ “Reinforced plastic concrete forms made with over and over again. 
RCI’s Poy ite polyester resin were responsible for 
cutting form costs by one-third in this Webb and 
Knapp apartment project,” states Myron Austin, 
design engineer for Engineered Concrete Form Cor- 
poration, Chicago. 

Al Schreck, carpenter superintendent for James 
McHugh Construction Co., Chicago, found these 
important advantages in reinforced plastic forms: 

* They can be adapted to virtually any shape. This is only one example of how plastics are im- 

* They have greater strength to withstand the proving on old techniques. If you have an application 

impact stresses of cement pours; flexural which might be simplified or improved by the use of 
strength is about 30,000 psi. reinforced polyester, it will pay you to call on RCI. 


Low expansion/contraction properties of rein- 
forced plastic forms, when exposed to heat and 
cold, provide a high degree of dimensional ac- 
curacy in the cured concrete. 


The smooth plastic surface of the forms provide 
the trowelled-like finish of a skilled concrete 
artisan, without extra cost. 


Part of the Webb and 

Knapp apartment proj- 

ect in Chicago which as i ‘ 
contains 4,500 arched H nf 

windows poured in ba ’ 
——_ +3 forms; - 

and close-up of one of — — eet 

the POLYLITE forms. aa oe be 7 _r LF. 


te 


Re ee 


With proper handling, oe _ 
forms can be used 50 to Webb and Knapp, Developer — |. M. Pei, Architects — James McHugh Construction Company, 
100 times. Concrete Subcontractor — Engineered Concrete Form Corporation, Form Manufacturer 
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a 
Your Partner . Synthetic Resins « Chemical Colors ¢ Industrial Adhesives ¢ Phenol ¢ Hydrochloric Acid 
in Progress Kae Formaldehyce « Phthalic Anhydride « Maleic Anhydride « Ortho-Phenylphenol « Sodium Sulfite 
Pentaerythritol « Pentachlorophenol « Sodium Pentachlorophenate « Sulfuric Acid « Methanol 


REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 
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Formed entirely in one piece, this 
seamless plastic blinker housing 
measures 24" long, 8°4"’ wide, and 
1'2" deep at its narrowest part. 
It is molded by DeWitt Plastics, 
Auburn, N. Y. for Roberts Enter- 
prises, Inc., Cazenovia, N. Y. 
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...LOOK WHAT'S NEW 











IN BLOW-MOLDED 
POLYETHYLENE! 


ry. 

| his flashing road barricade is a beacon of safety for motor- 
ists. Its yellow plastic blinker housing shows something else, 
too. Good design. Selection of the right process, the right 
material. Only blow molding could make this part in one piece. 
And Bake.iTe Brand high-density polyethylene provides the 


s 


durability to stand long, tough outdoor use. 

The background of Union Carsipe in blow molding dates 
from the earliest application of polyethylene to squeeze bot- 
tles. At our laboratories in Bound Brook, N. J., a battery of all 
major types of blow molding machines reproduces practically 
every set of production line conditions encountered in the 
process. As a result, Bake.ire Brand polyethylenes are engi- 
neered for performance in machine and product alike. 

You can get every type of polyethylene for blow molding 
from Union Carbide Plastics Company. Bake ire Brand poly- 
ethylenes range from low to high density materials, including 
.95 to .96 density types. Nowhere else in the industry is the list 
so complete. You get the benefits of one-source selection. 

For information on how Union Carsiwe materials and expe- 
rience in blow molding can help you develop a successful 
product, write Dept. FR-132, Union Carbide Plastics Company, 
Division of Union Carbide Cor- 
poration, 270 Park Avenue, 

New York 17, N. Y. In Canada: 
Union Carbide Canada Lim- 


ited, Toronto 12. 


Baketrre and Unton CARBIDE are registered 
trade marks of Union Carbide Corporation. 





e SPEEDS PRODUCTION 
© IMPROVES QUALITY 
e CUTS COSTS 


@ MAKES DIFFICULT 
MOLDS EASY 


The Second Stage Injector was designed to increase the effective 
operation of any Impco Injection Molding Machine now in service. It 
is also now available as standard equipment on new Impco machines. 
Its use gives you: 

© Raw material savings @ Increased mold area 

@ Increased capacity e Simplified nylon molding 

e Reduced molding pressures e Fewer rejects 
Ask for Bulletin P-127 for more information. 
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A Working Bibliography 
for the Field of 
Reinforced Plastics 


Review abstracts of selected bibliography 
covers RP from adhesives and latex 
techniques to basic fiber 

properties and premix molding 


REINFORCED PLASTICS ° * * Bibliography 


Plastics Engineering Handbook—The Society of the 
Plastics Industry, Inc 
Reinhold Publishing Corp., 1960, 6'2 by 9'4, 565 pages, $15.00 


Adjudged Prerequisites: Blueprint reading, high-school chem- 

istry. 
rhis is a general reference book sponsored by The Society of 
the Plastics Industry for use as a general reference book by 
those in the periphery of the plastics industry. Because of the 
intended use of this text, it is particularly broad, and has 
is its general sections materials and processes desigt finis! 
ing and assembly, testing, and SPI Standards 

Because of this very broadness, the book is of particular 
value to the neophyte in the plastic s field. It is unlikely that 
iny other single volume of equivalent size can better serv: 
the dual role of being a broad introduction to the field, and 
“pocketbook” ot plastics engineering. In this latter aspect it 
comes closest of all plastics books to being an “Engineer's 
Handbook” in the field of plastics. Excellent tabulations ar 
given of the properties of classes of plastics, and the design 
of molded articles is treated in great detail, including tabu 


lations of design tolerances of parts 


Editor’s Note 


Mr. Raech compiled the reviews published on these pages 
working as a member of the Reinforced Plastics Pro 
fessional Activity Committee, Western Section, Mr. S. S 
Oleesky, Chairman. Mr. George Lubin is Chairman of the 
RP Professional Activity Group 
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REINFORCED PLASTICS ° * * Bibliography 


Polymer Processes—C. E. Schildknecht 
Interscience Publishers, Inc., 6% by 914, 914 pages, $19.50. 


Adjudged Prerequisites: Organic and physical chemistry. 

The subtitle of this book—“Chemical Technology of Plastics, 
Resins, Rubbers, Adhesives and Fibers, Edited by C. E 
Schildknecht” probably describes the work much better than 
the major title. It is a work comprised of the contributions 
f an international aggregation of specialists, and is on a 
basic resin-formulation level. Little discussion is given to 
molding, fabrication or application. Among the basic areas 
overed are: bulk, suspension, free radical, emulsion, solution 
ind ionic polymerization; polyesters, epoxies, polysulphides 
ind formaldehyde derivatives. The last portion of the book 
overs process subjects including adhesives, paste and latex 
tech niques and reinforced plastics techniques The section 
m reinforced plastics is particularly good, more basic infor- 
mation on the applied chemistry of general-purpose types of 
laminates being provided in seventy pages than is commonly 
given between two covers in books on that partic ular subject 


REINFORCED PLASTICS ° * * Bibliography 


Modern Materials—H. H. Hausner 
Academic Press, inc., 1958, 6" by 914, 402 pages, $12.50 


Adjudged Prerequisites: High school chemistry and physics. 
While this book covers a spectrum of modern materials 

eramics, woods, synthetic rubber, etc., it was selected for 
inclusion in this bibliography review because of its coverage 
of fibrous materials. This coverage, forty pages long, was 
written by T. D. Callinan of the I.B.M. Corporation. It dis- 
cusses glass, metallic, ceramic, asbestos and organic fibers 
The background conferred by this discussion will be valuable 
to those active in the reinforced plastics field in acquainting 
them with some of the basic properties, possibilities and 
limitations of fibers and gives information not usually found 
in suppliers’ catalogs. The data is given in compact form with 
little recourse to elaborate technical discourse. A lengthy 
76 item) list of references provides the reader with excellent 
sources of more detailed information in the field 





REINFORCED PLASTICS ° * * Bibliography 


Fundamental Principles of Polymerization—F. F 
LD Alelio 
John Wiley and Sons, Inc., 1952, 6% by 9%, 517 pages, $13.50 


Adjudged Prerequisites: Organic chemistry, physical chem- 
istry 
This book was written to serve as a basic minimum volume 
polymer chemistry and it appears to fulfill its mission 
well The subject is introduced gently and well and is de- 
veloped evenly and thoroughly to cover plastics, rubbers and 
fibers. Among the areas covered are polyme rization reactions 
processes and kinetics; polyreactions and copolymer composi 
tions. The book is, in general, theoretical and non-specific 
very obviously written as a text in its field. For this 
reason and because of its excellent bibliography, it is well 


ited for use as a polymer “primer” 


REINFORCED PLASTICS ° * * Bibliography 


Epoxy Resins—Henry Lee and Kris Neville 
McGraw-Hill Book Co., 1957, 6% by 9%, 305 pages. $8.00 


Adjudged Prerequisites: Organic chemistry, physics, strength 
of materials. 
This is an ex book written at a level intermediate be 
tween a gene ind a research level. For this reason, it has 

le application as both an upper division text and as an 
engineering reference book. The most unusual aspect of the 
book is the wealth of detailed data which has been compiled 
particularly in view of the relatively sparse literature publi 
‘ has existed in this field. As is appropriate to 
his peculiar subject about two-thirds of the book is devoted 
to formulation, with the remainder given to processes. About 
thirt pages are devoted to the chemistry of epoxies Other 
ireas treated are hardener systems, diluents and plasticizers 
casting laminating coating and idhesives Appropriately 


enough, a cl ipter is devoted to handling methods and safety 


precautions, an aspect to which those who have developed 


ilergies have much respect 


REINFORCED PLASTICS °* * * Bibliography 


Epoxy Resins—Irving Skeist and G. R. Somerville 
Reinhold Publishing Corp., 1958, 5% by 734, 293 pages, $5.50 


Adjudged Prerequisites: Strength of materials, organic chem- 
istry 

One of the little red” Plastics Applic ations Series, this is a 

semi-technical book intended to appeal to the “practical” 

chemist, manufacturer or student. Within self-imposed limits 

of size, scope and audience, the authors have done a superior 

job. The book is well balanced complete and authoritative 

ms free from the usual errors of fact found in books of 

The book is particularly useful to the reader in its 

uring systems, plasticizers and mineral fillers 

the user can build adequately The book 

from a padding of “illustrative case his 

only borrowed from the periodical press to 

iddition to the aforementioned areas the book 

electrical embedments, adhesives, surface 


ourse, chemistry 


REINFORCED PLASTICS * * * Bibliography 


Silicones and Their Uses—R. R. McGregor 
McGraw-Hill Book Co., 1954, 534 by 814, 302 pages, $6.00 


Adjudged Prerequisites: Inorganic chemistry, physics 

This book was directed toward a readership comprised of 

division or even high school graduate technically 
wiented people. It is well balanced for this audience, being 
latively free of highly technical terms and concepts. A 





creat deal of effort has gone toward be stowing on the reader 
a good general background and understanding of the attri 
butes of the several classes of silicones There is no attempt 
to present esoterk knowledge. The book covers fluids, com 
pounds, lubricants, resins and rubbers with the greater 
emphasis on characteristics and properties and a lesser em 


I 
isis on applications and chemistry 


REINFORCED PLASTICS ° * * Bibliography 


Phenolic Resin Chemistry—N. J. L. Megson 
Academ‘c Press, Inc., 1958, 6" by 10, 323 pages, $10.80 


Adjudged Prerequisites: Inorganic, organic and physical 
chemistry. 

his is unquestionably an upper division book and presumes 

on the part of the reader a strong working knowledge of 


organic chemistry. It probably represents the most esoteri 
eflort in its field and has as its writer an authority of | 

standing who has remained in close contact with phenolli 
research on four continents. The book is well organized 
strongly referenced and possesses a remarkably complete it 
dex, making it of particular value as a reference work. Thi 
book restricts itself to phenol formaldehyde polymers and 


incl des as its topics phenolic ilcohols ammonit il ind re 


lated phenol formaldehvde condensates, svnthesis, reaction 


rates, theories of molecular structure and chromatographi 


ind fractionation methods of analysis 


REINFORCED PLASTICS ° * * Bibliography 


Styrene and Derivatives—R. H. Boundry and R. F 
Bover 
Reinhold Publishing Corp., 1952, 6 by 834, 1304 pages, $22.50 


Adjudged Prerequisites: Organic chemistry, physical chemis- 
try. 
As possibly the most important single monomer in use today 
styrene enjoys a unique position. Hence, it deserves special 
ittention by the plastic student. This book is an encyclopedi 
work on the subject, covering between two rather widely 
spaced covers the complete ramifications of the subject from 
styrene history and manufacture to injection molding of poly 
styrene. This monumental effort was accomplished by not 
only the two credited authors, but in addition, twenty-one 
experts in the various fields of interest. A heavily tabulated 
and referenced work, it includes among its subjects chemis 
try, manufacture and physic al properties of styrene mono 
mer, physic al and chemical properties ot polystyrene ind its 
fabrication and molding, styrene resins (styrene-phenol, sty 


rene polyester etc.) and halostyrenes 


REINFORCED PLASTICS * * * Bibliography 


Laminated Plastics—D. J. Duffin and Charles Nerzig 
Reinhold Publishing Corp., 1958, 5% by 734, 254 pages, $5.75 


Adjudged Prerequisites: High school chemistry, physics. 

This is one of the “little red books” published by Reinhold 
in its Plastics Applications Series. The book is one of very 
few specifically on the topi of reinforced plastics and the 
only one known to cover reinforced plastics as a broad sub 
ject not restricted to glass laminates. However, the emphasis 
is strongly upon high pressure laminates and the section on 
low pressure laminates is technically rather pointed toward 
application rather than fabrication and properties. As a cor 
sequence, it would seem desirable to use this text as a com 
panion of Fiberglas Reinforced Plastics by Sonneborne in 
order to obtain a relatively complete coverage of the field 
However, there is yet lacking a comprehensive serious treat 
ment of this subject. The author discusses phenolics, mela 
mines, silicones, epoxies and polyeste rs and some of the 
thermoplastics, and embraces fiber, paper, glass and asbestos 


is reinforcing materials 
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REINFORCED PLASTICS ° * * Bibliography 


Quality Control for Plastics Engineers—L. M. 
Debing 

(an SPE sponsored book), Reinhold Publishing Corp., 1957, 6% by 
914, 142 pages, $4.95 


Adjudged Prerequisites: High school algebra. 
More correctly this book might have been titled, “Statistical 
Quality Control”, for the bulk of the book is devoted to an 
excellent step-by-step development of the theory and pra 
tice of large sample statistics. In so doing, it presents meth 
ods for setting up quality control systems based on the well 
known range technique. Among the areas covered are normal 
distribution curves, control charts for variables and attributes 
ind sampling inspection 

The small sample statistics of Fischer with the appropriate 
t and F tables are covered in the last several chapters of the 
book. This discussion, with its deve lopme nt of the theories of 
variance analysis, significance and the factorial experiment 
can be of particular value to the student in his understanding 
of the value of proper experiment design and interpretation 
i subject which, unfortunately, is rarely treated in conven 


tional texts 


REINFORCED PLASTICS °* * * Bibliography 


Fextbook of Polymer Chemistry—F. W. Billmeyer 
Ir 
Interscience Publishers, Inc., 1957, 6" by 9'4, 518 pages, $11.50 


Adjudged Prerequisites: Organic chemistry, physical chemis 
try, physics, calculus 

Designed by a practicing instructor spec ifically to serve as 

textbook, this book is intended for upper division or graduate 
use. Consequently, it is carefully organized, annotated and 
referenced. It.is largely theoretical, the first portion of the 
book dealing with physical chemistry of polymers and kinet 
cs of polymerization. In ths portion, the concepts are well 
ind carefully developed wich few of the jumps in logic so 
ommon in the more advanced texts. The second portion of 
the book deals with properties of plastics, fibers and elasto 
ners. While this section of the book is lengthy, it deals with 
i great variety of materials, and no more than a few pages 
ire given to any one plastic However, these short discus 
sions serve well as introductions without intruding unduly in 
the province of more detailed books on the subjects of thes 


specific mate rials 


REINFORCED PLASTICS ° * * Bibliography 


Amino Resins—John F. Blais 


Reinhold Publishing Corp., 1959, 5’ by 734, 220 pages, $4.95 


Adjudged Prerequisites: Strength of materials, organic chem- 
istry 

Inasmuch as this book has been directed to the semi-technical 
industrial reader, utilization of the volume is far from de 

pendent upon knowledge of organic chemistry or stress 
inalysis. However, such prerequisites will make the informa 
tion more valuable. Lacking these prerequisites, some knowl 
edge of plant operation or of molding would be required 
The book covers urea formaldehyde and melamine formal 
dehyde resins rather thoroughly. In addition, a bibliography 
is supplied on less well known and commercially important 
resins such as the thiourea and guanamine. The areas of 
chemistry resin manufacture and molding are covered ade 

quately. A particularly good coverage of the subject of 
preimpregnate manufacture is given. Special attention is 
given to the field of paper reinforcement as is appropriate to 
its relative commercial importance. In addition to discussion 
of molding resins, the book covers surface coating, adhesive Ss 


and paper treatment 
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REINFORCED PLASTICS ° * * Bibliography 


Fibres, Plastics and Rubbers—W. J. Rofl 
Academic Press, Inc., 1956, 534 by 834, 400 pages, $10.00. 


Adjudged Prerequisites: Inorganic chemistry, strength of 
materials, first year physics. Organic chemistry desirable 
but not essential. 

rhis is a British-written book sponsored by the British Cotton 

Industry Research Association. It is primarily a reference 

text, covering high polymers but including some of the sim 

pler plastics such as cellulose nitrate, and natural fibers such 
is cotton, silk and wool. Organization of the book is unusual 
and noteworthy. The first section provides tabular and dis 
cussion-type information on individual polymers, per se, 
going into structure and chemistry of the polymer and fol- 
lowing this with information on physical properties, applica- 
tion and history of the materials. Natural, thermoplastic and 
thermosetting polymers are all noted. The second section of 
the book deals with properties, per se, giving the values of 
the range of polymers for one specific property. Properties 
overed include chemical resistance, plasticizers, physical 

prope rties, thermal prope rties, electrical prope rties and m« 

hanical properties. A list of references for additional infor 


mation 1s provided for each topic covered 


REINFORCED PLASTICS ° * * Bibliography 


Che Properties and Testing of Plastics Materials 
\. E. Lever and J. Rhys 
Chemical Publishing Co., Inc., 1958, 6’ by 9'4, 197 pages, $4.75 


Adjudged Prerequisites: Inorganic chemistry, strength of 

materials, first-year physics. 
Finding relatively complete coverage of plastics testing be 
tween two closely-spaced covers is not very common, pat 
ticularly if some actual test values are sought. This slim book 
does provide just this information covering physical, thermal, 
optical, electrical and chemical properties and testing of 
organic resinous systems. 

The book attempts to do several things. First, it is, as 
pointed out by its authors, a source book in which has been 
mmpiled references to world-wide testing methods in the 
field. In this, it has provided its reader with a wealth of 
references for detailed information on tests in question. Be 
yond this, however, it has provided definitions of terms and 
i discussion of the meanings of these terms and definitions 
Chis is a valuable contribution not usually available in either 
inalytical texts or testing manuals. Further, it provides a 
critical discussion of the relative place and merit of alternate 


testing methods 


REINFORCED PLASTICS ° * * Bibliography 


Fiberglas Reinforced Plastics—R. H. Sonneborn 
Reinhold Publishing Corp., 1954, 534 by 834, 240 pages, $4.50 


Adjudged Prerequisites: Strength of materials, inorganic 
chemistry 
Apart from the 31 page chapter on design theory by Dr 
Dietz, a good high school education is adequate preparation 
for the use of this book. Therefore, it will serve as a_ basi 
background text for the study of reinforced plastics As such 
it introduces the reader to fiberglass and resins (principally 
polyesters) and some of their more elementary properties. It 
then proceeds to discuss manufacturing methods and tooling 
including handlayup but emphasizing press molding and vir 
tually disregarding the important area of premix molding 
Secondary fabricating operations are treated, including ma- 
chining, fastening and painting, and a good bit of attention is 
given to properties of laminates and design of parts. The 
sections by Dr. Albert Dietz of M.I.T. and A. S. Heyser of 
Reed Research, Inc., are technically the most valuable inas- 
much as they treat of the mathematics and economics of the 


material. 
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REINFORCED PLASTICS ° * * Bibliography 


Phenolic Resins—David F. Gould 
Reinhold Publishing Corp., 1959, 5% by 734, 213 pages, $5.75 


Adjudged Prerequisites: Strength of materials, organic chem- 
istry 
This is an excellent little book, notable for its organization 
ind presentation. While it is pointed at the non-spec ialist 
its quality is such as to make the spec ialist reader long for 
1 more detailed presentation by the same author. It is prob- 
ible that this is the only book still in print attempting to 
cover the broad field of phenolics. Having discussed the basic 
oles and novolacs which comprise the backbone of the in 
lustry, the author gives a brief mention to the numerous 
other types of phenolics which are of general interest, the 
furfurols for example. He then covers resin manufacture 
nolding methods, laminates and casting. Also discussed are 
idhesives, wood products, coatings and rubber compounding 
For a “little” book, the volume offers a wealth of useful (as 
contrasted with redundant) data. It is suggested as a basic 


rather than an advanced text 


REINFORCED PLASTICS °* * * Bibliography 


Asbestos, Its Industrial Applications—D. V. Rosato 
Reinhold Publishing Corp., 1959, 54 by 734, 214 pages, $5.75 
Adjudged Prerequisites: High school chemistry and physics 


As one of the basic categories of plastics reinforcements, as 


bestos has i continu illy growing place This book 1S the only 


ne known to cover this application of asbestos. Inasmuch 
is its author is the outstanding American proponent of the 
use of asbestos in reinforced plastics, it would seem that 
the book is representative of the best thinking in this dire« 
tion. An excellent background on the nature and source of 
isbestos is afforded by this volume. Particular attention may 
be iven to the little known classifications and categories of 
sbestos, ill considered choice of which may result in failure 

uccess should have resulted. Rather detailed de scrip 
tions of asbestos specifications and properties ol laminates 
utilizing asbestos reinforcement are afforded. A discussion is 
iven of applications of asbestos reinforced moldings. lh 
iddition to the ibove categories which cover about one 
third of the book, discussions are given on insulation, friction 
materials, gaskets, and filters. A rather complete bibliography 


Is appe nded but not referenced 


REINFORCED PLASTICS ° * * Bibliography 


Maleic Anhydride Derivatives—L. H. Flett and W 
H. Gardner 
John Wiley and Sons, Inc., 1952, 6% by 91%, 269 pages, $8.00 


Adjudged Prerequisites: Organic chemistry, physical chem- 
istry. 

This little book is art inged as a specialized r neyclopedia or 
laboratory guide in maleic reactions rather than as a text 

w general discussion in the usual sense. One hundred sixteen 

reactions employin maleic iunhydride or its derivatives are 

covered, each on a set of facing pages. Among the classes 


of product ompe unds covered are hydrocarbons haloge l 
ompounds, metallic compounds, nitrogen compounds, oxygen 
ontaining compounds, and sulfur compounds. In each dis 
cussion, the arrangement of information is exactly alike for 
sy access, with the left page heading always giving th 
product class and formulation and the right hand page head 
ing always giving the class of reactant and group formula. In 
ch instance, the specific product is described, its uses out 
d and selected references given. The chemistry of the re 

on is given and discussed, and a detailed outline is given 


rect laboratory procedure 





REINFORCED PLASTICS ° * * Bibliography 


Chemistry of the Coordination Compounds—John C 
Bailar, Jr., (Editor) 
Reinhold Publishing Corp., 1956, 6% by 914, 834 pages, $18.50 


Adjudged Prerequisites: Organic, inorganic, physical chemis- 
try 
Coordination bonding, or the sharing of electron pairs, opens 
the door to an entire realm of inorganic polymers. Whil 
the theory is actually quite old, broad interest is new and 
this is a principle English language work on the subject as 
related to compounds. Written by Dr Bailar with the as 
sistance of his students and former students, this work 
covers the subject intensively. Among the aspects covered 
are theories of coordination bonding, isomerism, stereo 
chemistry, compounds of metal ions with olefins and olefin 
like substances, metal carbonyls and nitrosyls, and organi 
molecular compounds The book is a highly tex hnical schol 
arly work not pointed to lower division students. An excep 
tionally thorough bibliography and annotation makes th 


book valuable as a basic rete rence text 


REINFORCED PLASTICS °* * * Bibliography 


Silicones—-R. N. Meals and F. M. Lewis 
Reinhold Publishing Corp., 1959, 5% by 734, 267 pages, $5.95 


Adjudged Prerequisites: Inorganic chemistry, physics organic 
chemistry desirable but not essential 
This is a littke book and was deliberately designed to be a 
relatively nontechnical volume. As a consequence, it is rather 
general and covers its subject in less depth and in more scop« 
than might be suspected from a cursury glance For this 
reason, the book will tend to be of more value to those en 
deavoring to get acquainted with the general field—lower 
level students, nonspecialized graduates, etc.—than to the 
specialist. It is well written with a conscious effort to bi 
easily and relatively effortlessly read. The largest section of 
the book, the section on applic ations, covers elastomers as 
well as rigid laminates, foams, adhesives and greases, et 
Other chapters cover general properties basic chemistry 
manufacture and fabrication and future prospects. A_ three 
page bibliography is provided for those interested in pursu 


ing the subject further 


REINFORCED PLASTICS ° * * Bibliography 


Polyesters and their Applications—Bjorksten Re 
search Laboratories 
Reinhold Publishing Corp., 1956. 6% by 9, 618 pages, $10.00 


Adjudged Prerequisites: Organic chemistry 

This is probably the single most complete compilation of in 
formation on polyester resins. As such, it covers the field 
broadly, but suffers from being an apparent literature survey 
effort rather than the product of applied effort. The book 
contains what is undoubtedly the most complete bibliography 
extant on the subject, referencing several thousand sources 
For this reason, error has likely been introduced, making the 
book of more value as a general reference than as an authori 
tative source. Among the subjects covered are raw materials 
manufacture, catalysis, reinforcement, manufacturing of re 
inforced plastics and applications. The book is exceedingly 
broad in its coverage and for this reason, tends to be unde 
tailed in specifics. This fact may make it of particular value 
in educational systems where it may be of more value than 


in applied engineering 
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REINFORCED PLASTICS ¢ « « Bibliography 
Vinyl and Related Polymers—Calvin E. Schildknecht 
John Wiley & Sons, Inc., 1952, 6% by 914, 723 pages, $16.50. 


Adjudged Prerequisites: Organic chemistry, physical chem- 
istry 

This advanced volume on vinyl compounds provides an in 
tensive source of information on the formulation and com 
pounding as well as on the chemistry of this class of poly- 
mers. Owing to its relative importance, styrene (vinyl benzene 
is given considerable attention in its various applications—as 
the monomer for polystyrene, as a component of synthetic 
rubbers, or as a comonomer for alkyd thermosetting resins 
It will be appreciated that if to the aforementioned resinous 
systems be added those systems commonly known as vinyls 

vinyl chlorides, ete., a very substantial portion of the plastics 
market indeed is represented, hence the importance of this 
volume should not be minimized. Among the additional areas 
covered are methacrylics, acrylonitrilics, vinyl acetates, ethyl- 
ene high polymers, and sulfur and nitrogen vinyl compounds 
The volume is intensive and scholarly and should not be 


considered for lower division us« 


REINFORCED PLASTICS ° « « Bibliography 


Principles of High-Polymer Theory and Practice— 
A. X. Schmidt and C. A. Marlies 


McGraw-Hill Book Co., Inc., 1948, 6% by 94, 743 pages, $12.50. 


Adjudged Prerequisites: Organic chemistry, physical chem- 
istry, strength of materials, calculus. 
This is definitely an upper division text intended to provide 
1 broad non-specific chemical engineering background in 
polymer chemistry. Accordingly, it de-emphasizes the me 
chanics of resin manufacture and emphasizes the physics and 
engineering of polymers. It is an excellent book which can 
serve as a text and a continuing reference to the graduate in 
plastics Every effort has been made to provide a discussion 
and data on a quantitative rather than a qualitative basis 
and there is a strong usage of the engineering rather than 
the chemistry approach, demanding a reasonable background 
in stresses and in physics Among the areas covered are mo- 
lecular forces, polymer formation and structure, molding, ad- 
hesives and resin product development. Mechanical, electri 


cal, thermal, and optical properties are discussed in detail 


REINFORCED PLASTICS © « + Bibliography 

Engineering Properties and Applications of Plastics 
-Gilbert F. Kinney 

John Wiley & Sons, Inc., 1957, 6% by 9%, 278 pages, $6.75 


Adjudged Prerequisites: Organic chemistry, strength of 
materials, physics. 
Che problem of covering the properties of the entire field of 
plastics by a single individual between two covers is a diffi 
cult one at best, and it is not surprising that over the years 
so few individuals have succumbed to the temptation. This 
volume is a well published, well edited but rather academic 
version of the approach. The field has been covered in rea 
sonable broadness but with particular concentrations on areas 
to which information is more readily obtained in the litera- 
ture. Epoxy, for example, is given about two pages of com 
ment, and the discussion of polyesters tends to emphasize 
saturated types described in the patent literature and mold- 
ing methods rather obsolete at this time. Of the books tend- 
ing to be broad in coverage, this is not one of the more 


authoritative 
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REINFORCED PLASTICS ° * * Bibliography 
The Furans—A. P. Dunlop and F. N. Peters 
Reinhold Publishing Corp., 1953, 6’ by 914, 867 pages, $22.50. 


Adjudged Prerequisites: Organic chemistry, physical chemis- 
try. 


4 definitely upper division book, this is an authoritative and 


monumental treatise on furans and furfurols by two of the 
most qualified men in the field. The furans, notable for their 
chemical and heat stability have not enjoyed the usage 
which they have possibly deserved, although the reason for 
this is not entirely clear. The authors treat the chemistry of 
furan and its homologs, halogen derivatives and nitro com- 
pounds. They discuss the alcohols, and carboxylic acids, and 
furan hydrogenation. The chemistry, properties and charac- 
teristics are thoroughly tabulated and described. Furfurol 
derivatives including resins, cements, adhesives and coatings 
are discussed in detail. Some of the applications are de- 
scribed. An extremely extensive patent listing appended will 
be of possible value in further study of the field 


REINFORCED PLASTICS ° * * Bibliography 


Polymers and Resins—Brage Golding 
D. Van Nostrand Co., Inc., 1959, 6% by 9%, 744 pages, $15.00. 


Adjudged Prerequisites: Strength of materials, organic chem- 
istry, physical chemistry. 
An upper division book, this was written specifically to serve 
is a text on polymers and resins. For this reason, it tends to 
em} hasize the theoretical and mathematical aspects of the 
subject. Possibly for the same reason, it is well organized and 
clearly expressed. About half the book is devoted to theoreti- 
cal aspects of polymer chemistry—characterization, formation, 
polymerization systems and molecular structure. The balance 
of the book is devoted to chemical engineering—resin and 
polymer manufacture, fabrication and processing The sec- 
tion on polymer manufacture is of particular interest in that 
it is one of the few sources of detailed discussion on polymer 
manufacturing practice. Among the resin classes covered are 
cellulosics, phenolics, polyesters, epoxies, urethanes silicones 


vinyls and furans 


ADDITIONAL TITLES 


Engineering Properties and Applications of Plastics 
G. F. Kinney 


John Wiley and Sons, 1957, 278 pages 


Compression and Transfer Molding of Plastics 
|}. Butler 


Interscience Publishers Inc., 1959, 230 pages 


Manne Design Manual for Fiberglas Reinforced Plas- 
tics—Gibbs and Cox, Inc. 


Mc Grow Hill Book Co., Inc., 1960, 200 pages 


Also— 

Modern Plastics Encyclopedia and The 15 Volumes of the 
Papers Presented at the Annual Technical and Management 
Conference of the Reinforced Plastics Division of the Society 
of Plastics Industry, In« 

Technical Papers Volumes I-VI presented at the Annual 
echnical Conferences of the Society of Plastic Engineers 


— -=—— 
Edited by George Lubin, 
Grumman Aircraft Co. 





STATUS REPORT: 


Monsanto plastics for packaging 
& the food additives amendment 


As part of Monsanto’s continuing responsibility to customers 
and to package users, we present this up-to-the-minute status 
report of Monsanto plastics for food packaging and a brief 
definition of terms important to a general understanding of 
the Food Additives Amendment, which became effective 
March 6, 1960 @ Monsanto’s extensive research and develop- 
ment over the years have resulted in many plastic formula- 
tions from ingredients which are generally recognized as safe 
or which have prior sanction or which have no reasonable 
expectation of migration @ By using the Monsanto plastics 
listed on the following page, you can be certain of packaging 
materials which comply with the Food Additives Amend- 
ment. We will keep you informed of additions. 


MONSANTO bpeve.iorer in PLASTICS 
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The Status of Monsanto Plastics— November, 1960 


PRODUCTS 


BASIS FOR RECOMMENDED USE IN FOOD PACKAGING 





LUSTREX® STYRENE PLASTIC 


General Purpose Molding Grades 
Hi-Flow 77 
Hi-Heat 99 


Hi-Flow 55 
Hi-Flow 66 


Impact Molding and Extrusion Grades 


Hi-Test 42 Type Hi-Test 48 Type 
Hi-Test 88 Type Hi-Test 180 Type 


MONSANTO POLYETHYLENE (NATURAL 


on and iln Extrusion 

ling L, ision Coating 

Grades 

51 805 18300 406 

52 935 : 38 19706 537 

23406 73 
25706 
26706 


60 9752 3: 706 
80 : 10406 
705 d 13406 


VUEPAK® F CELLULOSE ACETATE 
OPALON® VINYL RESINS 


300 300 FM 
330 FM 410 


Polyviny! chloride acetate copelymers 


506 510 


SCRIPTITE® 
Paper and Paper Board Coating Resins 
50 53 


52 54 
40 (Urea Resin) 
33 (Melamine Resin) 


RESIMENE® 


883 (Melamine Resin 
U901 (Urea Resin 


LYTRON® 
Latex Paper Board Coe 


6 6-A 


ig Resins 


RESINOX® PHENOLIC RESIN 


P-97 





DEFINITIONS 


Generally recognized as safe and prior sanction by FDA. 


Extension granted by FDA until March 5, 1961 
Long term feedixg ¢t::dies highly favorable) 


sanction by FDA. 


Generally recognized as safe and prior sanction by FDA. 


Prior sanction by FDA. 


Prior sanction by FDA, 


No reasonable expectation of migration when used a 
wax-holdout resin. 

Prior sanction by USDA Poultry Division as wet strength 
poultry package resin. 


Prior sanction by FDA. 


Prior sanction by USDA Meat Inspection Division for 
lard cans. 
Prior sanction by FDA. 


Not subject to regulation when used in single use dispos ible 
containers. Petition being prepared for regulation of a!] 
food packaging uses. 


Prior sanction by USDA Meat Inspection Division for 
lard cans. 





of terms important in understanding the Food Additives Amendment. 


Food Additives Amendment —1958 Amendment to the 1938 
Federal Food, Drug and Cosmetic Act. It requires, for the first 
time, that any chemical compound in food, whether intentional or 
incidental, must be proved safe before the food is put into inter- 
state commerce. The amendment became effective March 6, 1960. 


Food Additives — All chemical compounds in food are not, how- 
ever, in legal sense food additives. Compounds with prior sanction 
or which are generally recognized as safe are specifically excluded 
by the new statute from the category of food additives. 


Prior Sanction — Before the 9/6/58 enactment of the Food Addi- 
tives Amendment, the Food and Drug Administration and divi- 
sions of the United States Department of Agriculture had only 
imited authority to approve use of chemical] compounds in 
foods. Favorable response to a request for approval normally 
meant an informal letter of no objection—now classified as a 
prior sanction— exempt under the new amendment. 
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Generally Recognized as Safe — The FDA interprets this to 
mean that it is the widely held opinion of acknowledged authori- 
ties that a given chemical compound is safe in human food. FDA 
has published in the Federal Register, lists of compounds which 
are considered generally recognized as safe. 


No Reasonable Expectation of Migration — It is obvious that 
chemical compounds not in food cannot be food additives. But 
the definition of ‘‘zero’’ content requires scientific judgment. No 
reasonable expectation of migration (of pharmacological signifi- 
cance) realistically recognizes that infinitesimally small amounts 
of certain chemical compounds may be and generally are present 


in processed foods without hazard. 
* * 


- 
A special report on food packaging colorants has been 
prepared for package manufacturers using colorants in 
their packages. For this report, write to Monsanto 
Chemical Company, Plastics Division, Room 773, 
Springfield 2, Massachusetts. 
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H OW K() f) AK be OUTSTANDING WET-OUT "ADM Aropol resins 


wet-out almost instantly. They make rolling a 


Ty snap, prevent air bubbles from forming under 
; ; the gel coat. As a result, even the nearly square 
: corners of our streamlined box are extremely 

? strong and smooth 
L “THE SEALZIT GUN has several advantages 
. over other guns we've tried, but most impor 
: ' tant to us, it shoots the glass out under enough 


; ; ; : pressure to smack it into the tight spots and to 
Molds without draft... vertical surfaces mae make it stick to the vertical surfaces. And the 


++» Sharp corners and intricate detail. . . Sealzit gun is easier to handle . . . keeps labor 
P , . . and moterial costs down. 
maximum insulation ...they’re a snap 
with ADM resins.” 


True to its name, the Kodiak Ice Maker was a 
real bear to knock out in fiberglass . and a real 
bear to insulate. But Kodiak Industries, St. Paul, 
Minnesota, is doing it with tremendous success. By . © 
using plastic throughout, Kodiak makes an -- 
automatic ice cuber that’s unique not only for the ; : 1:1 RATIO FOR FOAM “With ADM's rigid 
crystal purity of its ice cubes, but for strength, oa ii eer, foam resins, insulating the Kodiak is no trick at 
beauty, insulation, and seamless sanitation ‘ all, We can use a | to 1 mix, which is ideal 
Savs Kodiak Production Manager, Red Williams: for handling with virtually any equipment. Tem 
*“Every part in our machine is a headache to perature isn't critical either with these low 
produce so tough, in fact, that out of all the 
different laminating and foaming resins we tried, 
only ADM’s do the job to our satisfaction 


viscosity resins. We get excellent foam uniform 
ity and good cure in our insulation without the 
need of heating or cooling the resin lines. No 
other resin gives you so muci latitude 


WHATEVER YOUR LAMINATING OR FOAM 
REQUIREMENTS, ADM HAS A RESIN 
IDEAL FOR THE JOB. RELY ON ADM 
FOR DEPENDABLE QUALITY AND 
ERVICE ALWAYS... FOR NEW RESEARCH 
DEVELOPMENTS FIRST 


farcher- 
Paniels- 
Mi idiand 


752 Investors Building 
Minneapolis, Minnesota 
CHEMICAL GROUP 


Resins © Plastics © Industrial Chemicals 











Wheelco ») 
industrial 
Instruments 


SERIES 8000 

Single point indicating- 
recording-controllers 
and multipoint 
indicating-recorders, 
Electronic potenti- 
ometer type 


SERIES 2000 

Round chart electronic 
potentiometer recorders 
and recording-control- 
lers. Pen speeds of 1, 

4, and 20 seconds. 


SERIES 400 
Capacitrols for indicat- 
ing and controlling 
temperatures, voltages, 
current, speed, pressure 
and similar variables. 


MODEL 297 
Capacitrols specially 
designed for plastics ap- 
plications. “Electronic 
Link" no-contact control 
Plug-in terminal panels 


MODEL PT 58 
Dynisco Pressure 
Transducer. Designed 
specifically for thermo- 
plastic processes. 


THERMOCOUPLES 
Single and dual-element 
thermocouples available 
for plastic industry 
requirements. 





Division W 
hether you are a 


builder or a user of molding 


and extrusion machinery, 


Wheelco’s complete line 

of performance-proved 
recorders, controllers, indi- 
cators, pressure transducers, 
and complete systems will 
fit your instrumentation 
requirements. The quality 
you get when you specify 
Wheelco has made Wheelco 


the industry’s largest 


supplier of molding and 


extrusion instrumentation. 


BARBER-COLMAN COMPANY 


aaa BARBER Wheelco Industrial Instruments Division 


ein C 0 lL M A N Dept. K, 1575 Rock Street, Rockford, Illinois, U.S.A. 


BARBER-COLMAN of CANADA, Ltd., Dept. K, Toronto & Montreal ® Export Agent: Ad. Auriema, Inc. N.Y. 
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Bubble Trouble? 


Good air release and bubble break in plastisols mean an end product free of 
imperfections. The new Mark BB stabilizer just developed by Argus solves 
this problem better than any other stabilizer available. 

Mark BB is a multi-purpose stabilizer. In addition to its excellent bubble 
break properties, it gives outstanding heat and light stability, low viscosity, 
and viscosity stability throughout processing. 

What’s your current problem? Bubble break? Low temperature stiffening? 
Toxicity? Getting better resistance in electrical compounds at less cost? Lack 
of clarity in rigids? 

Don’t sit with it. Simply call Argus. Chances are the answer lies in one of 
our present Mark stabilizers or Drapex plasticizers. If not, we'll find it for you 


in our lab. 


Argus Has the Answer 


Technical bulletins and samples on request 


ARGUS CHEMICAL Corporation 633 Court Street, Brooklyn 31, N.Y. Branch: Frederick Building, Cleveland 15, Ob 
Rep’s.: H. M. Royal, Inc., 11911 Woodruff Ave., Downey, Cal.; Philipp Bros. Chemicals, In 10 High St., Boston; H. L. Blachford, Ltd., 977 Aqueduct St., Montrea 
European Affiliates: SA Argus Chemical NV; 33, Rue d'Anderiecht, Drogenbos, Belgium —Lankro Chemicals, Ltd.; Salters Lane, Eccles, Manchester, England 
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OF PLASTICS ENGINEERING 


Designing Thermoplastic 
Structural Components 


[his article describes two methods for predicting 
the load-carrying ability of thermoplastics 
for any combination of time and temperature. T he methods should 


go along way towards enabling design engineers 
to take the guesswork out of designing with plastics 


X, ith the very rapid increase in 


have ¢ ome many applic ations which re quire a high quality of 
Che »¢ 


home 


the use of plastic s 


manufacture and long term performance under stress 


such things as furniture legs 


refrigerator and freezer components 


applications include 
filters 
1utomotive parts 


water system 


pipe etc Good design and engineering 
data are becoming increasingly necessary to insure success 
in these applications. Plastics are maturing as engineering 
materials, and have every right to expect th 
necessary engineering data to be available to enable them 
to make best use of these versatile Such data on 


strength properties are not generally available today 


engineers 
materials 


Plastics are Viscoelastic 


The methods of test that have been used to measure 
general, useful only 


the 


strength properties of plastics are, in 
for controlling the quality of a product or for identifying 

material. They the data he 
needs to design plastic parts with success. The reason for 
this, of course, is that the strength properties of plastics ar 


most other engineering materials 


have not given the engineer 


time dependent as are 
and data obtained in short time tests have not been related 
to long term behavior 

| he we ll known VIsC elastic be hav OT ot 
typified by the Maxwell Model, accounts for the fact that 
short term properties do not necessarily correlate with long 
Short term properties reflect mostly th 
portion of the plastic and 


plastics iS 


term properties 
behavior of the elastic 
does not account for the creep 01 stress relaxation of the 


{ spring } 


- 


portion of the plastic. On a long term 
and for 


(dash pot 


Viscous 


basis. the viscous behavior is most important 
shorter periods of time, the elastic properties become mor 
important. For example, if the application involves a shock 
w rapid type of loading, then the elastic properties are 


most important 
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Che variables, which control the amount of stress relaxa 
tion or creep taking place and the relative importance of 
the viscous properties as opposed to the elastic properties 
ure 

The magnitude of the stress. 
The length of time the stress is applied. 
rhe temperature of the part. 

Increasing any of these variables increases the rate and 
the amount of stress relaxation o1 creep taking place. Many 
nvestigators have studied the phenomena of creep and 
tress re laxation On a researe h basis and the S¢ concepts are 


information in this article examines 


t new 


he mechanisms as they pertain to materials having specific 


However, the 


iles designation. It is the purpose of the article to show 
how useful design data may be obtained on the specific 
materials being used, not data on generic materials such 

polystyrene, polyethylene, etc. The article further de 
fines the relationship of these variables to the behavior of 
the plastic and to show how the data obtained can be used 


by the designer and engineer to make bette1 plastic parts 


Equipment and Test Procedure 

[wo very simple and inexpensive types of apparatus have 
been developed to study the relationship of time, tempera 
The balanced-beam creep ind relaxation 
instrument was designed and built at The Dow 
Company, and the square donut for relaxation studies was 
designed at Massachusetts Institute of Technology 

Balanced-Beam. For stress relaxation studies, this instru 
ment (Figure 1) differs from a simple beam in that stops 
ire provided over and under the outer end of the beam t 


ture and stress 


Chemical 
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UNTERBAL ANCE —~ 


Figure 1. Balanced beam stress-relaxation unit 


ill WwW only one or two thousands inch clearance in which 
the beam can swing. Before the specimen is inserted in the 
grips, the weight on the beam rests on the bottom support 
Initially then, the weight needed to load the specimen can 
be placed in the weight pan and it will all rest on the lower 
rhe specimen can then be placed in the grips 
ind the load transferred from the beam stop to the speci 
men by turning the threaded screw holding the lower speci- 
men grip to the base of the instrument. This brings the 
beam into initial balance as indicated by the flickering light 
as the electrical contact points begin to break. The initial 
stress and strain are recorded at that point. As time passes 
and the specimen relaxes, it loses its ability to maintain the 
stress and the load of the weight pan begins to rest more 


beam stop 


and more on the lower beam stop. To obtain subsequent 
readings of how much stress is still being carried by the 
specimens, weights are removed from the weight pan until 
the beam again comes into balance. The weight remain 
ing in the pan is again being carried by the specimen and 
the resulting stress can be calculated 

If it is desired to measure creep instead of stress relaxation, 
then the lower beam stop is removed and the appropriate 
dead weight is applied to the specimen. Strains are meas 
vertical travel of at 
least two inches and reading to an accuracy of at least 
0.0001 \ telescopic attachment is useful with the 


cathetometer in order to get some ce pth of field and make 


ured using a cathetometer having a 


inches 


it possible to take measurements from a distance. In ow 
program, some cross checking is be ing done on samples 
placed in creep, but the bulk of the data are being ob- 
tained by stress relaxation techniques since the change in 
stress is easier to observe than small changes in strain 
Square-Donut. The instrument (Figure 2) 
MIT by Dr. Rod Andrews and Mr. Roger 
somewhat simpler and more economical to produce than 
even the balanced-beam. In addition, the size permits the 
smal] 


developed at 
Currans, is 


use of large numbers of these instruments in a very 


space thus greatly shortening the time required to complete 


a program. It is, however, limited to studies of stress relaxa- 


tion although with some modification it can be used for 
creep studies 

The instrument is a substantial casting of aluminum in 
the shape of a square-donut. One end is machined perpen 
dicular to the lengthwise direction and a 1/2 inch hole is 
drilled through the center of this end, also in the length- 
A threaded bolt through the hole provides 
Attached to the bolt 


wise direction 
a means of applying the initial stress 
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Figure 2. Square donut stress-relaxation unit 


is one of the specimen grips made from pieces of ordinary 
flat mill files. The other grip is attached to a strain gage 
load cell which is in turn attached to one end of the squar¢ 
donut. The change in stress is measured using a static 
strain indicator in conjunction with the strain gage load 
cell. Each load cell must be carefully calibrated before use 
Figure 3). 

Reproducibility between these two instruments for meas 
uring stress relaxation is excellent as shown by Figure 4 


Careful Specimen Preparation is Important 

It is well known that the injection process (because ol 
orientation and differential cooling) produce rather complex 
strain patterns in the plastic as it flows into the mold or 
through the die. The resultant strain patterns are seldom, if 
ever, the same in any two moldings. It is also known that the 
molding strains will have a pronounced effect on the per 
formance of the part, particularly if a chemical environment 
is imposed. It was decided to eliminate this variable and de 
termine first of all what the material itself, unchanged by th 
method of fabrication, could do and then introduce the fabri 
cation variable 

Compression moldings, if they are carefully prepared 
will have little on thermal strain 
part. The molecular arrangement will be completely ran 
will be representative ot 


no onentation or in the 
dom and the properties therefore, 
the base material. It has been found also that the properties 
of compression moldings, while not exactly the same, do 
closely approximate those of extrusion and vacuum formed 
moldings. The data obtained on compression moldings then, 
are directly applicable to the important field of extrusion 
and vacuum forming 

As stated before, the specimens are carefully 
by compression molding the plastic into sheets, so as to 
produce no orientation or thermal strain. These sheets can 
best be prepared in a mold like a piston and cylinder ar 
rangement (Figure 5) so that 
maintained on the plastic throughout the heating and cool 
ing cycles. Normally, they are made in 1/8” thickness. If 
no warpage when 


pre pare d 


positive pressure can be 


properly prepared, the sheets will show 
placed in an oven and heated above the second order 
transition temperature of the plastic 

The sheet can then be sawed into 3/4” 
carefully machined into the final 
sions of 1/8” by 1/2”. Care should be taken in sawing and 
machining to ‘see that the specimens are not touched 
directly by the fingers. The behavior of some plastics is 
noticeably altered by the oil of the skin. The operator nor- 


wide sti ips and 


cross-sectional dimen 
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RAIN, MICRO INTH ‘N 


Figure 3. Load cell calibration curve 


mally wears a pair of clean, white cotton gloves when 
preparing specimens. 

It has been found too, that in conducting the test, con 
trol of temperature is very important. A one degree Fahren- 
heit change in temperature may cause a change in stress in 
the specimen of as much as 10 or 15 psi. The test equip- 
ment consequently, is housed within a glass cabinet in a 
temperature controlled room. This smooths out or eliminates 
the cycling normally found in a temperature controlled 
room. 

rhe precision and reproducibility of the stress relaxation 
tests are such that only spot checking need be done as the 
program proceeds. If a faulty specimen is encountered or if 
it is not strained uniformly, the relaxation curve will be ob 
viously displaced from its proper position and can be dis 


( arde d 


Data Obtained by Stress Relaxation Studies 

When a specimen is placed under a constant strain, the 
resultant with 
If this is done at a series of strain levels, a family of 
relaxation will be obtained such as the ones for 
Material A It will be that at 
time period, failure in the specimen will occur. The time 
required for failure to occur is dep« ndent on the magnitude 
of the strain. It should also bs out here that the 
tppearance ot crac ks in the spe cimen does not nece ssarily 
mean that it is about to fail structurally 
considerable lag be tween the appt arance of cracks and ac 


tual failure. 


stress in the part will gradually decrease 
time 
curves 
some 


Figur. 6 observed 


pointe d 


There may be a 


= ‘ ‘ 


“- 
Figure 4. Comparison of relaxation curves—balanced 


beam vs. donut 
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Figure 5. Semi-positive pressure compression mold 





TIME , HOURS 


Figure 6. Stress-relaxation of Material ““A’’ @ 73.4°F 


These data can be replotted in three dimensional form 
to show the relationship of stress, strain and time as in Fig- 
ure 7. The surface created in this plot then represents the 
performance or behavior of the plastic under stress. The in- 
dicated failure points represents the limits of usefulness 
of the material as a structural member. If these limits are 
exceeded for any combination of stress-strain-time, the part 
must fail. 

Another method of presenting the data for use, is to draw 
vertical intercepts at different time intervals on the stress 
relaxation family of curves plot, as shown in Figure 8. The 
stress and strain obtained at the points of intersection of the 
relaxation curves with the vertical time intercepts can be 
re plotted as a family of stress-strain curves at various time 
intervals (Figure 9). The slope of these stress-strain curves 
can be calculated to obtain the “apparent” modulus of 
and replotted as a function of time, as shown in 

stress 


elasticity 


Figure 10. From the simple relationship, Modulus 
strain 


for tensile forces compression forces and bending forces 


I 


Figure 7. Stress-strain-time relationship for Material 
A 
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Twe > 
Figure 8. Time intercepts on stress-relaxation curves 
of Material “‘A 


2 ee ee 


“ a 


Figure 10. Apparent modulus vs. time—Material 
A’ 


the stress and strain relationship can be determined for any 
desired time 

A series of three 
can also be prepared to relate stress and strain to tempera- 
ture. Actually, for most plastics, if the temperature is held 
below the order temperature of the 
an increase in the temperature has the effect of 


dimensional or apparent modulus curves 


second transition 
material 
compressing the time axis. One can obtain at moderately 
elevated temperatures in a few hours, the same results that 
would be obtained in weeks at room or lower temperatures 
Figure 11 

If this relationship of temperature is known, then data can 
be obtained at a greatly accelerated pace at elevated tem- 
perature and transposed to other temperatures thus, further 
simplifying this kind of a test program 


How Test Can be Put to Practical Use 
Problem: 
ind knowing the stress or strain that is to be applied, the 
of the part can be calculated. For example, 
assume a pressure vessel has been produced from Material 


Having a part that has already been produced 
exper ted life 


A. It has a uniform wall section thickness of 0.250” and an 
internal diameter of 4”. It is to operate at room tempera- 
ture and at a maximum pressure of 75 psi. From hydrostatic 
pressure tests and torque measurements, it has been deter- 
mined that failure will be in the meridional direction and 
a stress of 50 psi will be imposed on the material when the 
threaded cap is screwed on the top of the cylinder. What 
will the total fiber stress in the meridional direction be, and 
will the material be able to maintain that stress for a period 


ot ten yearsr 


Figure 9. Stress-strain-time plot of Material ‘A’ 


Figure 11. Stress-relaxation of Material “‘A” at 


125°F 


Solution: The formulas for thick wall cylinders apply in 
this and the from the 
formula S Pp a inter 
radius of the 
Pp internal pressure, psi. S, iD 

2 282 psi Add to this the 50 psi prestress ipplied 


when the vessel is assembled to get the total fiber stress of 


cast meridional stress is obtained 


divided by b a, where a 


outer radius of the vessel, in 


divided by 2.25 


vessel, in., b 


332 psi. Referring to Figure 7, it is necessary to extrapolate 
one decade of time to obtain limiting 
stress for It is found that the 
stress is well within the allowable stress of 400 psi 


On the other hand, if a part is to be designed and the 


the relaxation curve 


10 years of service $32 psi 


designer knows how long the part is to last, he can calculate 
either the stress the part can carry or the amount of creep 
that will take place. These can be related to the wall section 


thickness in order to obtain the desired results. Example 
using the preceding problem but this time solving for a 
minimum wall section thickness required and holding the 
inside diameter constant at 4 inches, it is found from Figure 
7 that the maximum allowable working stress is 400 psi 
for 10 years service. Substituting this into the equation for 


meridional stresses and solving for “b”, wall section 
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Short-term, high-temperature tests predict long-term 


room-temperature performance of ABS, 


vinyl chloride, and methyl methacrylate polymers by 


supplying more precise dataon... 


Stress Relaxation 
and Creep Measurements 
of Some Thermoplastic Materials 


R. L. Bergen, Jr., Naugatuck Chemical, Div. of United States Rubber Co. 


and 
W. E. 


O,. of the important factors limiting the use of ther 


moplastics in load bearing applications is the lack of long 


term engineering cata. It is well-known that thermoplasti: Ss 
will creep when placed under load and that this creep is 
accelerated by increased temperature. However, the engi 
neer desires specific data for each material which will giv 
him safe working stresses to avo&l either excessive creep 
or rupture of any designed part. One method of obtaining 
this data is to place the material under test for 10,000 to 
100,000 hours, but this approach has its practical limitations 
It is, therefore 
methods for obtaining this data 
dual approach to this problem. By 
relaxation and cre ep of a number of the rmoplastics, methods 
have been developed for obtaining long term data from 


highly desirable to develop accelerated test 
This article represents a 
measuring both stress 


short term tests 


Experimental 


A flexural stress relaxometer that records the stress load 
ing and stress decay has been developed for studying the 
effect of temperature and other variables on the long term 
properties of commercial plastics. Stress relaxation, wherein 
the sample is held at a fixed deformation and the decay of 
stress is measured as a function of time, has the advantage 
over a creep test in that only one stress-measuring apparatus 
is required for a large number of samples. This is effected 
by mounting each sample in an individual 1-4” channel 
This assembly is then clamped in the oven of 
the stress relaxometer. The sample is deflected as a canti- 
lever beam to a pre-set deformation by a wire and pulley 
system activated by a spring-loaded mechanical plunger 
The force required to bend and keep the sample deflected 
is measured by an unbonded strain gauge transducer at 
tached to one end of the wire. The transducer output is 
amplified and recorded on a strip chart recorder. After the 
initial 30 minutes of testing the bent sample is secured in 
the deflected position by means of a machine screw in the 


iron holder 
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channel iron sample holder and removed from the stress 
relaxometer until time for a subsequent reading. Readings 
ure taken on a log-time scale. With automatic 
the earliest stress value read from the strip chart is at 0.08 
stored in 


recording 


sec. Between measuring periods the samples are 
air ovens maintained at test temperatures of 
and 50°C or in a constant temperature 


circulating 
120 100°. 70 
room at 23°C. Subsequent readings of the residual force re 
quired to keep the sample in its bent position are obtained 
is follows: sample and holder are clamped in the stress re 
laxometer oven and loaded by a chainomatic with addi- 
tional weights as required until the load is sufficient just to 
break an electrical contact between the holding screw and 
the end plate on the sample. The computed pull is re- 
corded as the residual value of stress in the sample at that 
time 

Dead weight pull vs. deflection curves at testing temper 
atures are obtained prior to testing in order to establish 
settings for the stress relaxometer and determine the elastic 
limit of the material to be tested. All samples are tested 
within their limit. Duplicate samples were run at 


each test temperature 


elastic 


Although creep dat» are more difficult to obtain com- 
pare d with stress relaxation results, the data are more mean- 
ingful to the engineer. From this data a safe working stress 
can be computed for any temperature to avoid excessive 
creep or rupture within the time limit in which the data are 
valid. Because the apparatus is occupied by the sample for 
the entire duration of the creep test, it would be desirable 
for economy of time and equipment to be able to run short 
term tests to predict long term performance. It would be 
even more desirable to convert stress relaxation results to 
creep curves. 

he creep tester is a six position unit for applying a dead 
load to a sample and measuring its elongation using a 
cathetometer. The lower jaw in each position can be moved 
up or down over a limited range by a threaded screw. The 
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Figures 1 through 5. The five groups of curves, above 
show stress relaxation results for ABS, PVC, and 
MMA polymers. Identification as follows: Figure 1, 
ABS polymer B, Figure 2, ABS polymer HTHT, Figure 
3, ABS polymer-L, Figure 4, PVC copolymer 8750, 
and Figure 5, MMA polymer V-100. The stress decay 
is plotted as percent residual stress. All data show the 
sigmoid curve on a log-time basis 


upper jaw is hung from one end of a beam and weights ar 
hung from the other end to apply a tensile load from 1 to 
2000 pounds. The jaws and sample are enclosed by a con- 
stant temperature air bath. Percent elongation is measured 
by placing bench marks on the samples and determining the 
distance between the marks with a cathetometer which 
reads to 0.0001 inch. Readings are taken on a log-time 
scale beginning at 1 minute. Short-term tests were termin- 
ated at 50 or 96 hours while for longer term tests, measure- 
ments were continued to 1010 hours. In the majority of 
the tests, samples were removed from the apparatus before 
they had fractured. In the earlier portion of the testing pro- 
gram five or six samples were run at each stress and tem 
perature Although there was some scatter in the data, it 
was decided that for economy of time only three samples 
would be run at each stress. With this procedure the data 
still retained the desired precision. In some instances, tests 
at a given stress were repeated at a later date with three 
additional samples. The repeat tests were always in good 
agreement with the original results. All the curves shown 
represented dead load creep. No correction was made at 
high elongations for increased stress due to decreased cross 
sectional area. From a practical point of view high elonga- 
tion represents failure so the data do not have much signif- 
icance beyond about 5% elongation. 
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Figure 2. 














Figure 5. 


[he materials for which test results are reported are as 
follows: Kralastic® B, Kralastic' HTHT and Kralastic* | 
ABS polymers of different acrylonitrile-butadiene-styrene 
ratios; Kralac* H, a styrene-acrylonitrile copolymer; Geon 
8750, a rigid poly (vinyl chloride); and Plexiglas’ V100 
poly (methyl methacrylate). These materials are all com 
mercially availabk thermoplastics Stress relaxation tests 
were run on 8-4” x 4” x %” bars cut from compression mold 
ings. Creep tests were run on standard injection molded 
tensile bars (0.500 inch wide by 0.130 inch thick at the 


center section ). 


Results 


Figures 1 through 5 show the stress relaxation results 
for ABS polymers B, HTHT, and L, poly (vinyl chloride 
8750 and poly (methyl methacrylate) V100, respectively 
The stress decay is plotted as percent residual stress. All the 
data show the characteristic sigmoid curve on a log-time 
basis. However, variation of the shape of the curves at each 
temperature clearly indicates that the conventional temper- 
ature superposition by a shift along the log time axis (1, 2 


* Registered Trademark—U. S. Rubber Company. 
> Registered Trademark—B. F., Goodrich Chemical Company. 
© Registered Trademark—Rohm & Haas Company. 
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is not applicable to these stress relaxation data. It should 
be noted that the fact one can remove the samples from the 
relaxometer makes it possible to make measurements ove! 
8 or more decades on the log time scale. It is planned to 
continue the tests at each temperature until the sample has 


relaxed completely. This technique is, therefore, consider- 


ably more comprehensive than that of other workers (3, 4, 
5) who generally terminate their tests after about 4 decades 
on the log time scale. Actually, in some cases (3) much of 
the data is taken over only one or two decades at many dif 
ferent temperatures Thus, one wonders how well some of 
these data would fit if it were taken over a longer time in 
terval. Similar 
tests. Maxwell (6) has shown that his data for poly (methyl 
methacrylate a simple shift 


along the log time axis and has proposed that three dimen 


remarks can also be made about dynamic 
cannot be superimposed by 


sional modulus-time-temperature plots be used. His data 
were taken over slightly more than five decades of frequency 
30°C to +80°C. On the other hand, Ferry (7) has 
superimposed data for poly (isobutylene which were ob 


trom 


tained at a number of temperatures but over less than two 
decades of frequency Another factor 
the relationship of the testing temperature to the 
transition of the polymer under test. Williams, Landel and 


Ferry (8 
100°C Tobolsky (3) 


from T, to T 
time-temperature superposition prin iple 


to be considered is 


glass 


claim that thei: superposition method is valid 


only and has re 
iterated that the 
is probably only partially valid at temperatures close to T 
ind lower 

Since the conventional time-temperature shift could not 
be applied to the data shown in Figures 1-5, a different ap 
proach was necessary. The simplest mechanical model for 
representing stress ré laxation consists of a spring and dash 


Maxwell model. Theoretically 


relaxation curve can be fitted by an infinite number of thes: 


pot In series the any stress 


spring dashpot elements in par illel (9 

For the data presente d here it was hoped that each stress 
could be fitted by a 
these elements. By plotting log stress vs. time and using the 
that all 


four ele 


relaxation curve small number o 


method of residuals was found 


the stress relaxation curves could be fitted by a 


Appendix | it 


ment model 


] S S.e + Sue Ss + S, ‘ at constant 7 


In order to shift any stress relaxation curve as a function 


of te mp rature, it was then necessary to determine the tem 


perature de pendence of the eight constants in equation l 


rhis procedure is shown in Appendix I and gives the final 


result 


at constant | 


where at constant 7 


and § 


temperature 


t is the lr is the absolute 
and the E’s are 


is the initial stress time, 


and +., 8, p, By constants 
Very good agreement has been observed thus far between 
the predicted 73°F stress relaxation curves and the ex 
pe rimental data at that te mperature 
For all of the five different thermoplastics the values of 
E,, E., E,; and E 


decrease from about 


which correspond to activation energies 
30 kilocalories/mole for E, to about | 
his that the 
relaxation times has a different temperature dependence and 


kilocalorie/mole for E, indi¢ates each of 
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Figure 6. Creep curve for styrene-acrylonitrile poly 
mer—H, 73°F. Data was obtained at five different 
stress levels 


Figure 7. Master curve for styrene-acrylonitrile poly- 
H, 73°F. Value E' represents the initial elonga- 
tion at any stress minus the initial elongation at 
6400 psi 


mer 


Figure 8. Shift factor vs. stress, for styrene-acryloni- 
trile polymer—H, 73°F 
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Table 1. Comparison of Calculated & Experimental 
Shift Factors for ABS Polymer-B 


Temp. «(@t= 
(°F) S (psi) T min.)  «, (cale.)* a, (exper.) a, (cale.)* 


80 4800 
80 4400 
80 4000 
80 3440 
120 2640 
120 2400 
120 2000 
160 1760 
160 1200 
160 800 


Ww 
Ww 


OOUOO~ONWAW 
WwW 


NO 
OOAOCO—ONWDX 


oo°o°0.---— 
WUINIUINSI O — dO 

> OUT0 SN OO NS 
oOoo°o°;°0° ee -— = 
NWUTO NON bh UN 
oO ON UIC UI ON UI 
ON —OhUIWOO OO 
uUI©e AOwUIWN 

N 

N 

OANDAAW— UU! 
U1 00 Ownw—O 


3,7 


Master creep curve-ABS Polymer-B 





hows mathematically that the Tobolsky-Ferry time-tem 108.62 (1 
perature shift, which postulates the same temperature de 


f all relaxation times, will not work for these where 


reep results are shown in Figures 6-1] For the and loga 

clarity many experimental points were omitted in 

Figures 9-11. The method for shifting the data at constant 
temperature is illustrated by Figures 6, 7 and 8. Figure 6 
the data obtained at five different stress levels at 


stvrene-acrylonitrile polymet H. To construct the 


Table 1 gives a comparison of the calculated and experi 
mental shift factors for acrylonitrile-butadiene-stvren¢ poly 
mer-B. It can be seen that the calculated values of bot! 
e, and a, are in good agreement with the experimentally 
of Figure 7, a sheet of graph paper was laid determined values 


6 so that the point a,t 10° coincided with The master creep curve for ABS polymer B is given i 


1.0 in Figure 6. The points for S 6400 psi Figure 9. The points have all been shifted using the cal 
1 traced. The sheet was then shifted horizontally culated values for ¢«, and a, given in Table 1. The lin 


tically so the points for S 7200 psi overlapped drawn on the curve is given by the equation 


S 6400 psi The value of a. was ob 


5 . » * 
point on the a,t axis coincident with the , . . 108.62 (1 . 


1.0 in Figure 6. § arly, further shifts ing ' ~ 
sath porte imila further shifts bring i.e. the value of B in equation 4 is taken as 1.250 x 10 
the points for 7600, 80V0 and 8640 psi onto one curve. In 


I 


Master creep curves are also shown for ABS polymer 
HTHT in Figure 10 and ABS polymer-L in Figure 11. The 
values for the constants in equation 4 are listed in Table 2 
shows the log of the experimental values of a, plotted VS From the figures it can be seen that the data are all shifted 
the stress. A least squares fit of these points gives the linear quite well onto a single master curve and that this curve can 
relationship be approximated by a single term exponential equation 


; In addition, the 1000 hour test data which are not shown 
log a 1.125 x 10° S — 8.226 ‘ 


Figure the value e' re presents the initial elongation at any 


stress minus the initial elongs ion at 6400 psi Figure S 


re fit these curves very well using the calculated shift 


It should be noted that the initial choice of the position factors Thus knowing three of the four quenwess —_- 


cl "one , hich | 3 , letel elongation, time and temperature, we can compute the 
oO le shee onto which figure ¢ is traced 1s completely 


fourth either by a graphical or strictly mathematical pro 


rbitrar I \ I , 1 . 
irbitrarv. In this work the master curves were constructed cotucs, tn edition creep curves can he constrocted fos 


so that the elbow of the curve occurred between a,t 10 any given stress and temperature 


~ , 
ind a 100. In this manner master curves at constant At the present time the exact limitations of these equa 


. ha rT 
temperature are constructed for each of the materials tions in terms of stress and temperature are not known 
tested at each temperature. The methods for the tempera It is expected that they would be valid within the tempe: 
ture shift and the cre¢ p equation are given in Appendix II ature range of the experiments 73 to 160°F for ABS poly 


Che final result is mer-B and ABS polymer-L and 73 to 200°F for ABS 





Table 2. Constants for Master Creep Curves 
Material ‘ B «xX 10 T 


ABS polymer-B 1.16] 3.031 5.8007 0.92 345.92 
ABS polymer-HTHT 713) 1.492 14.891 26.35 374.09 
ABS polymer-L 7569 1.288 1.7049 341.94 585.42 
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Figure 11. Master creep curve-ABS Polymer-L 


polymer HTH! Che stress dependence of the shift factor 
is thought to be quite Che effect 
which has come to our attention is the reported strain ce 


unusual only similar 
pendence of the shift factor in stress relaxation experiments 

1). It is felt that if the linear dependence of log a, on S$ 
did not hold at very low stresses, the straight line would 
curve downward thus making our long term predictions 


more conservative 


Conclusions 


By using appropriate analytical expressions, it has been 
possible to perform a time-temperature shift of our stress 
relaxation data. This enables us to run short term, high tem 
perature tests to predict long term room temperature pet 
formance. Agreement between experimental and predicted 
room temperature data has been good for those samples 
where this check was carried out. Similarly, long term creep 
data can be obtained by a stress and/or temperature-time 
shift of relatively short term data. Once again there has 
been good agreement between predicted and experimental 
long term results. At present, these extrapolations are valid 
to at least 10,000 hours and further work is being done to 
extend this limit 

It was originally hoped that this work would also lead 
to a simple method for converting stress relaxation to creep 


data. Although this has been attempted by MacLeod (5) 
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y Knowles and Dietz (10), their methods have been 
restricted to rather narrow time 


dicate that a simple interconversion of the data is not pos- 


and by 
results in- 


intervals, Our 
sible. The creep data are represented by an isolated spring 
in series with a Voigt element (a spring and dashpot in 
parallel) 
ary to fit the stress relaxation data. The simple creep model 
may be due to the fact that the curves that are shifted to- 


gether represent too narrow a time interval. However, longer 


while a much more complicated model is neces- 


term data have not shown any significant change in the 


shape of the creep curve. A more important difference be- 


tween the two tests is the following: In the creep tests at 
high elongations the density of the samples decreases in the 


7 
elongated section (for this reason one cannot make a simple 


correction to the data to compensate for the increased stress 


as the cross sectional area of the sample decreases), while 


in the stress relaxation tests no such density change occurs 


relaxes to zero. This difference in physical 


as the 
behavior indicates that there may be different failure mech- 
there will 


stress 
anisms operating in each case. If this is true, 
be no correspondence between the creep and stress relaxa 
tion tests. However 
at this time 

We have had 
the creep data for ABS polyme r-B and ABS 


this point needs further investigation 


success in correlating 


polymer-HTHT 


] 
considerably greater 


with long term pipe stress-rupture data. Using Eyring’s re 


action rate theory (11) as deve loped by Coleman (12) for 
filaments, an excellent 


the time to 16% elongation 


creep failure of polvmeri correla 


tion has been found between t 
in creep tests, and ts, the time to break in pipe failure tests 


would like 
S¢ hrappe ] and 


to acknowledge the assistance 
Margaret 


tained the stress relaxation and cree p data, respec tively 


Che authors 


ot George F [welves who ob 


Appendix | 


Treatment of Stress Relaxation Data 
to Compute Temperature Shift 
Che data at any temperature are plotted is | 
time yielding an exponential decay curve. This « 
to become linear at large values of t. The lin 
ext ipolated back to t 0 
from the inte rcept and 1/r 


plot of log (S »S Vs 


This extrapolation 

from the slope 
and the 

Next, log (S 


and finall 


t is made 
is repeated yielding S, and 1/r 
plotted vs. t giving S, and | 

S S S S vs. t 
S, and l/r 


which Is line al 
This procedure is carried out a 
tures giving three equations contaming 


stants 


These equations can be written in general form as 


Id S S, sf 


relaxation 
to dk 


stress 


shift of the 


is necessary 


In order to compute the 


curves as a function of temperature, it 


termine the temperature dependence of the S,,’s and + 


It was found that plots f log r,, vs. 1’T were linear ind 


cating 





T CG, ¢ 


In addition, the lines for the four values of j 


extended to intersect at a single point 1/T 


L3(--»)] 


) giving 


where E, is the activation energy, the value of the gas con- 
stant R, is taken as 2 and £ and y 
Spectral distribution plots were made of Sj as a function 


are constants 


of +, These plots gave linear relationships between log 
S,/S, and log +r, at the three temperatures with a common 
intercept itr T 


1 


where S and 


q f (7 


ny temperature 


Finally it was found that 


) q 


giving the result 


values of E,, T, and t 0 values were calculated 


{ sing 


(S./S,) + (S,/S 1.00 


Be 


If the sum de parted more than a few points from 1.00, the 
constants 8 and p were adjusted slightly to bring the sum 
closer to 1.00, usually between 1.02 and 0.95 


Appendix Il 


I oad-Temperature Shifts for Creep Curves 
At constant temperature the logarithm of the shift fac 
tor was found to be linearly related to the applied stress 


l log a, aS—b 


where a and b are both temperature dependent constants 
It was found that the value of a in equation 1 was pro 


portional to the reciprocal of the absolute temperature: 
2 a c—d/T 


It was not possible to obtain a linea relationship be 
b and either T or 1/T. Therefore, an equation of 
the form of the Williams-Landel-Ferry relation (8 


| 
sea 


tween 
was 
k, (T, —T 


fp ab qeatetianinde 


» T,+T 


could be 


[his could be empirically fitted to the data. 

Since in the temperature region of these tests, the elastic 
modulus is not expected to change very rapidly, the initial 
elastic response could be represented with sufficient ac 


curacy by: 
t P KS 
because all the creep curves had approximat ly 


the same shape, it was felt that they could all be fitted 
by a single exponential equation of the form: 


Finally 


5 € é \ l t a 

By using a value of A 108.62 and taking 8 BA, where 
B is a constant for each material, all the curves could be 
fitted except at the highest elongations. The final result is 
then 


6 e — e, = 108.62 (1 


where é KS 


and log a, cS—dS/T 
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Proc esses, 


Next Month 
NEW STRESS CRACKING TEST 


A new procedure for evaluating 
environmental stress cracking properties 
of polyethylene will be published in 

next month’s issue of the SPE Journal. The 
method makes provision for a constant 
stress to be applied to test specimens 

The test can be used to evaluate 
polvethylene of any density or degree 

of flexibility 
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The Effect of 
an Amine Cured Epoxy Resin 
on the Stability of Trinitrotoluene 


Mechanisms of cure of an epoxy resin with 


four different amine curing agents 


1. is sometimes necessary to use adhesives and reinforced 
plastics in contact with explosives. The usual superior prop 
erties of amine-cured epoxy resins would ordinarily make 
them desirable candidates for such applications. However, 
it has been found that these materials generally cause ex 
plosives to undergo slow decomposition (incompatibiltiy 

Certain amine-cured epoxy resins may be compatible whil 
others may be incompatible with a given explosive. Some 
of the factors which evidently contribute to this situation 
are type and basicity of the amine, mechanism of cure, and 
structure of the cured resin. On the other hand, some ex 
plosives may be compatible while others may be incompati 
ble with a given amine-epoxy resin system. The controlling 
factors here are probably the structure of the explosive and 
the extent to which oxidation-reduction potentials occu 
between the amino groups of the resin system and the nitro 
groups of the explosive. The purpose of the work described 
herein was to determine how a typical epoxy resin cured 
with various amines would affect the stability of trinitro 
toluene (TNT), a typical explosive. 

Most commercial 
formula (1 
about nine. The resin used in our experiments had an n value 
of approximately Since the epoxy groups are the 
principal reactive centers in Epon 828, ethylene oxide may 


epoxy resins may be represented by 


in Figure 1, where n may vary from zero to 


zero. 


be used to demonstrate some of its reactions. 

As seen in equation (2), Figure 1, etherification 
occur through two epoxy groups. Equation (3) shows that 
the epoxy group can be etherified with an alcohol. Reac- 
2) and (3) are catalyzed by basic substances such 


amines and acidic substances such as borontri 


may 


tions (| 
as tertiary 
fluoride. The epoxy group may also react with primary and 
secondary amines, as shown in equation (4). The secondary 
amino group resulting from the reaction of a primary amine 
with the epoxy group can further react with an epoxy group 
to form a tertiary amine. Most analytical procedures for the 
quantitative determination of epoxy groups are based on the 
reaction shown in equation (5) employing suitable solvents 
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Epoxy resins have very desirable strength and heat resis- 
tance properties because of their crosslinking potentialities 
Chere are at least two postulated ways by which epoxy 
resins can be crosslinked. Since these resins contain two 
epoxy groups (each epoxy group having a functionality of 
two), crosslinking can occur by utilization of epoxy groups 
only with a suitable catalyst which activates the resonating 
structures, as shown in equation (1), Figure 2. Crosslinking 
can also occur by the reaction of two epoxy groups with a 
diamine, as shown in equation (2). The tertiary amino group 
in diethylaminopropylamine can catalyze etherification type 
crosslinking while the other polyamines, which have more 
than one primary amino group, can effect crosslinking by 


coreaction with epoxy groups. 
Experimental Work 


\. Resin Systems 
Shell’s Epon 828, a typical commercial epoxy resin, was 
cured for 24 hours at 25°C, plus 24 hours at 65°C with 
o . cM OM . OMy Q 
C Hg CH—CHg- —0-~< +c _)-0-chg-CH- Ce —0~_»-¢~__)-0- Chg CH-CH, 
. CHy - CH 


° Q 
CHgCHg + Chg CH g———— Cg Cg CCH 
On OR 
! 
+ ROH ————® CHgs Ch, 
On 
+ RNHg—————————- > CHE CH, 
Ne 
lal 
GH e Cle 
Ow CL 


Figure 1. Typical epoxy resin and reactions of the 
epoxy group 
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CROSSLINKING THROUGH EPOXY GROUPS 


) 9, tee 
——> -tn_ dno on CH, - 


CH, CH(X) CCH, 


i > > 
+ChgCH(X) CHCH, OCH, CH(X) CHCH, — 
| 
9 + 
HCH ~ 
HCO HCO 
un (*) 
“GO™ “gO™ 
HCH HOH 
0 = 
| + + 
+CH , CH(X) CHCH, OCH, CH (X)CHCH, ~ 


WHERE (X) REPRESENTS THE REMAINING PORTION OF THE EPOXY RESIN MOLECULE 


CROSSLINKING THROUGH AMINO GROUPS 


r) 0 
(2) CH, CH-(X)-CHCH, + NH,~R-NH, 
fe) OH On OH OH fe) 
4 | | H | / 
Chg CH(X) CH CHy— NRN—CH, CH (X) CHCH, NRNCH,CH (X)CH-CHy 
! ! 
CH, CHa 
HCOH WCOH 
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HCOH HCOH 
| 
0 On dae Lal Ch, OH i?) 


\ 


/ | wea 
CH, CH (X) CHCH, NRN- CH, —-CH 00) CHCH,NRNCH, CH (X)CHCH, 
4 4 


Figure 2. Crosslinking reactions 


various 


diethylaminopropylamine, 
liamine, diethylenetriamine and meta-phenylenediamine 


umounts of 1,6-hex- 


ie 


B. Percentage Epoxy Conversion 


Che perce ntage epoxy conversion Was determined as de 
cribed Briefly, this consisted of pulverizing 
the « ucts to a very fine powder and reacting a 
known weight of the powder with a known aliquot of 0.2 
acid-dioxane reagent. At the end of the 
unreac ted hydrochloric ac id was 
nitrate 
difference between a blank tite: 


n reterence l 


prod 


ired 
normal hydrochloric 
analytical 
titrated 

tutomatn 


d the 


KK i¢ id 


reaction, the 

with 0.1 normal 
titrimeter. The 

titer was equal to the amount of hydro 


silver solution using an 

| 
sample 
onsumed by the residual epoxy groups The 
precision was better than +2% for duplicate determinations 
Percentage Apparent Swelling and Deformation-Under- 
Load 


Percentage apparent swelling which is considered to be 
sure of the 


is determined as follows: A small glass cylinder containing 


1 me degree of crosslinking (reference (2) 


i solution of 95 mole per cent of 1,2-dichloroethane and 5 
mole per cent of n-hexadecane was placed in the bottom of 
a vacuum desiccator 
ti powder 
glass stoppered Erlenmeyer flask. The stopper was removed, 
und the The desiccator 
covered, quickly evacuated to a pressure of about 


Approximately 0.5 gm of the fine plas- 
was accurately weighed into a 25 ml ground 
laced in the desiccator 


Hask was 


10mm, and closed off from the vacuum pump. The ethylene 
hloride then vaporized and was allowed to remain in con- 
ict with the powder for at least 24 hours at 25°C, or 
The flask containing the 
powere d sample was removed from the desiccator, stoppered 


until equilibrium was reached 


ind The percentage apparent swelling (%S) 


vas calculated as follows: 


rewe ighed 


wt. 1,2-dichloroethane absorbed by powder | 
. se : X100 


wt powder 





1 was better than +2% for duplicate determinations 


Percentage deformation-under-load determinations, also 
considered a measure of crosslinking, consisted of machin- 
ing one-half inch cylinders from a cast sample and testing 
the cylinders according to ASTM D-621-51. 


D. Vacuum Stability Test 

The explosive stability (compatibility) data were ob 
tained in the following manner: 0.2 gm of pulverized (40-60 
mesh) plastic was intimately mixed with 0.2 gm of the TNT, 
introduced into a vacuum system at 100°C, and at the 
end of 48 hours the number of cc of gas evolved was 
measured with a manometer and corrected to standard con 
ditions. The results are reported as ce of gas per gram of 
TNT. The capacity of the apparatus was approximately 15 
ce. The net evolution of not more than 2 cc of gas was con 
sidered to indicate compatibility 


Results and Discussion 


\. Epoxy Conversion versus Amount of Curing Agent 
Figure 3 shows that when only a 25% stoichiometric 
(SA) of diethylaminopropylamine was reacted 
with Epon 828, about 95% of the epoxy groups were con 
sumed. This seems to indicate that the primary amino group 
of the amine coreacted with the epoxy group. Further re 


amount 


action then occurred by etherification of the remaining epoxy 
groups themselves and by etherification of epoxy groups 
with the alcoholic groups which were generated by the 
reaction of the primary amino group of the curing agent with 
epoxy groups. Since the reaction of amino hydrogens with 
epoxy groups is much faster than the etherification reactions 
25% 


3), it can be assumed that of the epoxy conversion 


was due to the amino hydrogens. This leaves about 70% of 
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Figure 3. Percent epoxy conversion vs. initial concen- 
tration of curing agent 
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Figure 4. Percent swelling versus initial concentra- 
tion of curing agent 


the consumed epoxy groups unaccounted for. Since the 
reaction of hydroxy groups with epoxy groups is faster than 
epoxy etherific ration (4), it is possible that they were con- 
sumed by 25% of the remaining epoxy groups. This would 
leave about 45% of the epoxy groups for etherification among 
themselves. The above reactions undoubtedly compete to 
some extent 

In the case where 50% and 75% SA of diethylaminopropyl- 
amine were used and all of the con- 
sumed, the number of epoxy groups which Le act by etherifi- 


about 50% and 25% respectively. 


epoxy groups were 
cation is believed to be 
This belief seems logical in view of the relative 
rates mentioned above. However, further support for this 
belief will be offered in the discussion of the apparent swell- 
ing data. Greater than a 75% SA of diethylaminopropylamine 
caused the resulting cured resin to be too thermoplastic 
to be handled in the analytical procedure. 

3 that when a 25% SA of 1,6- 
hexanediamine was reacted with Epon 828, about 80% of the 
Making the rough assumption 
about 55% of the 


reaction 


It is also seen in Figure 


epoxy groups disappeared. 
that all of the amino hydrogens reacted, 
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Figure 5. Explosive compatibility vs. curing agent, 
epoxy conversion and swelling 
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accounted for 
otherwise. tertiary 
groups produced in the course of the catalyzed 
etherification of the remaining 55% of epoxy groups. It is 
interesting to compare the behavior of this amine with that 
of diethylaminopropylamine. The latter already had a 
tertiary amino group and was, therefore, effective in 
catalyzing etherification than the more bulky tertiary amine 
1,6-hexanediamine. In the case of the 1,6-hex 
crosslinking occurs by both etherification and 


consumed epoxy groups would have to be 


Therefore, it appears that the amino 


reaction 


more 


formed by 
anediamine, 
by amino coreaction as ‘opposed to only etherification cross 
linking with diethylaminopropylamine.. This will 
clearer in the discussion of the apparent swelling data 


become 
As shown in Figure 3, diethylenetriamine, 
two primary and one secondary amino groups, presents still 
another picture. When Epon 828 is cured with a 25% SA of 
only about 54% of the epoxy groups are con- 
all of the amino hydrogens were reacted, the 
remaining 29% of consumed epoxy groups would have to 
be accounted for by Neither 
amine nor diethylenetriamine had tertiary amino groups in 
the beginning, but were dependent upon tertiary amino 
groups being generated in the course of the reaction for 
catalyzing etherification of any epoxy groups. The probable 
reason for 1,6-hexanediamine being more effective in con- 
version of the epoxy groups than diethylenetriamine is that 
the reactive amino groups in the former are separated by 
six carbon atoms while the latter is separated by only two 
hindrance comes into 

tertiary 


which contains 


this amine, 
sumed. If 


etherification. 1,6-hexanedi- 


atoms; consequently, steric 
these 


cati aly sis of the 


carbon 
play in respective generated amines for 
etherification reactions. 

Figure 3 also shows how polymerization of the epoxy 
group has progressed from a predominantly etherification 
type of reaction with diethylaminopropylamine and_ the 
other two amines to a predominantly coreaction of amino 
and epoxy groups with meta-phenylenediamine. A 50% SA 
of meta- phenylenediamine consumed only about 52% of the 
epoxy groups, and a 75% SA consumed about 78%. The 
apparent reason for this difference is that the tertiary amine 
aromatic amino groups with 


catalyze any 


produced by reaction of the 
groups is too sterically hindered to 
etherification. The differences in basicity 
contributing factor, aromatic amines being much less basic 
than aliphatic amines. 


epoxy 


may also be a 


B. Apparent Swelling versus Amount of Curing Agent 
Figure 4 shows that the percentage apparent swelling in 


creases (decrease in degree of crosslinking) with amount of 


diethylaminopropylamine used. This is in harmony with the 
kinetics of the 
concerned. Crosslinking could not take place through the 


epoxy conversion resuits and the reactions 


amino group because only one of the amino groups con- 
tained hydrogen. At least two primary or one primary and 
one secondary amino groups in an amine are required for 
since the resin 


this type of crosslinking. However, 


had 


occur 


epoxy 
a functionality oi four, etherification crosslinking could 


Therefore, as the increased amount of diethylamino 
propylamine used led to more linear polymerization, the num 
ber of epoxy groups left for etherification crosslinking de 
than 


sub 


taster 
further 
compatibility 


creased because the former reaction is much 


the latter one. This line of reasoning will be 


stantiated in a discussion of the explosive 
results. 
Figure 4 also shows that for the other three amines, which 
have a sufficient number of primary amino groups for amino 
swelling decreases through a 


c rosslinking, the 
(the 


percentage 


minimum degree ot crosslinking increasing through 
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maximum) with increasing amounts of curing agent. It must 
be pointed out here that degree of swelling can only be 
taken as a measure of the degree of crosslinking for one 
given amine-epoxy system and not as a measure of the dif 
ferences in degree of crosslinking for different amine-epoxy 
systems. For example, in referring to Figure 4, it can be 
assumed that the system employing a 100% SA of meta- 
phenylenediamine is more highly crosslinked than the sys- 
tem employing a 50% stoichiometric amount. However, on 
the other it cannot be assumed that the degree of 
crosslinking of the 1,6-hexanediamine-epoxy and meta- 
phe nylenediamine-« poxy systems are equal at a 100% stoichio 
metric amount of curing agent just because the respective 


hand 


are about equal. This is because struc 


parameters are different for different 


degrees ot swelling 
tural 
systems with a given swelling agent 


and _ solubility 


Compatibility of Cured Resin with Trinitrotoluene 


Examination of Figure 5, a bar graph showing explosive 
compatibility in relationship to % SA of curing agent, % 
epoxy conversion, and % apparent swelling, leads to some 
interesting observations. First of all, it is very interesting to 
note that Epon 828 cured with a 25% stoichiometric of 
diethylaminopropylamine is compatible with TNT. Since 
this amine in the pure state is incompatible with TNT, com 
patibility of the resulting cured amine-epoxy system may 
be explained as follows: All of the hydrogens of the primary 
amino group probably reacted with epoxy groups, as pointed 
out in a previous section of this report. Then, the resulting 
linear polymer containing epoxy and two tertiary amino 
groups probably crosslinked by epoxy etherification. Th 
solubility of this crosslinked material in the TNT was prob 
ably low enough to permit virtually no interaction between 
the amino and nitro groups. However, on the other hand 
where the degree of crosslinking began to decrease for in 
creasing amounts of diethylaminopropylamine, as indicated 
by increase in swelling, explosive incompatibility resulted 
Evidently, the ratio of linear polymerization to crosslinking 
polymerization, as discussed in a previous section, resulted 
in sufficient solubility to permit interaction of the amino and 
nitro groups 

Figure 5 shows the contrasting behavior of meta-phenyl- 
enediamine and diethylaminopropylamine with regard to 
explosive compatibility. Epon 828 cured with either a 100% 
SA of the former or 25% SA of the latter was compatible with 
EN 


light of the different mechanisms discussed earlier. In the 


Chis difference in behavior is readily explainable in 


case of diethylaminopropylamine, epoxy etherification as 


well as coreaction of the primary amino group with epoxy 
while polymerization involving meta- 


groups occurred 


phenylenediamine was principally coreaction of the amino 
groups with epoxy groups. 

It is noted in Figure 5 that % swelling is equal (31%) for 
two different (125% 200% SA) of 
phenylenediamine, while the corresponding compatibility 
14.2 ce. this 


observation is as follows: For the swelling determinations 


amounts and meta- 


values were 2.7 and The reason offered for 
the fine electrostatically charged powders were separated 
from the milling balls (reference (2)) with alcohol. Since 
the equal swelling values indicate the same degree of cross 
linking, excess of amine curing agent in the 200% SA speci 
mens was probably extracted by the alcohol wash. However 
the explosive compatibility samples were not treated with 
alcohol and the unreacted amine in the 200% SA specimen 
125% SA 


resulted in a higher evolution of gas than the 


specimen whe re le SS excess amine was present 
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Figure 6. Comparison of explosive compatibility data 
with swelling and deformation-under-load-data 


[he reason given for the above observation is further 
established by examining Figure 6. When deformation 
under-load is measured as a function of the amount of meta 
phenylenediamine used, the dimensional changes are not 
equal for the 125% and 200% SA systems. In fact the 
dimensional change for the 200% SA greater 
than that for the 125% SA one, as would be expected Che 


system was 


test specimens were not subjected to treatment with alcohol 


and conseque nt dissolution of residual amine 

In Figure 6 it is seen that there is close correlation bi 
tween compatibility and deformation-under-load than be 
tween compatibility and swelling. When compatibility or 
deformation-under-load was plotted against % SA of amine 
both curves went through a minimum (maximum crosslink 
ing) in about the same region. The plasticity on the left sid 
of the minimum is probably due to unreacted epoxy groups 
while on the right side it is probably due ‘to a more open 
network structure or unreacted amino groups. It would be 
expected that the amino hydrogens would be more com 
pletely reacted when a 50% SA of meta-ph« nylenediamin« 
is used than when a 100% SA is used, and that the former 
would result in greater compatibility. However, the convers 
was found. One explanation of this is that even though all 
of the amine in the 50% mixture was probably reacted, th 
plasticity was great enough to allow solubility in the TN1 
and subse quent reaction 

It has been found that aniline is compatible with trinitro 
toluene while meta-phenylenediamine is not. In fact, aniline 
actually forms a stable molecular complex with trinitro 
toluene (reference (5)). Since these two amines are about 
equal in basicity, the difference in compatibility is probably 
due to the presence of two amino groups in meta-phenylen 


Evidently, two amino aromatic 


diamine groups on the 


more conducive than one to the establishment 


nu¢ le us are 
of oxidation-reduction potentials between the nitro and 
amino groups. 

Examination of Figure 7 leads to some interesting obser 
vations. It is noted that samples resulting from the use of 
75%, 100% 125% diethyl 


aminopropylamine were very incompatible with TNT. The 


and stoichiometric amounts of 
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Figure 7. Comparison of explosive compatibility data 
with swelling and deformation-under-load-data 


corresponding deformation-under load properties were als 
very poor; the 75% sample crushed, and the 100% and 125% 
samples were too soft for the test. The corresponding swell 


ing values are also high. For the 25% and 50% samples 


deformation-under-load and swelling values are seen to in 
crease with ce of gas evolved (a measure of compatibility 
Comparison of these data with those for the meta-phenylen 
diamine-epoxy resin systems gives further support for the 
different 
In the case of the 


ratio of linear to crosslinked polymer increases with amount 


mechanisms ot cure mentioned earlier in this 


papel diethylaminopropylamine, — the 


of curing agent used and results in materials of inferior 


properties above a 25% 


stoichiometric amount. It is seen 
in Figure 6 that when meta-phenylenediamine is used, th 
properties go through a minimum with increasing amounts 
of curing agent. This difference in behavior for the two 
amines is due to the following two facts: (a) diethylamino 
propylamine is involved in etherification crosslinking and 
linear reaction of the primary amino hydrogens with th 
group, and (b) meta-phenylenediamine is involved 


with the 


epoxy 


only in coreaction epoxy groups. 


Summary 


An epoxy resin was polymerized with various amounts of 
four different amine curing agents. The following tests were 
made on the resulting products: (a) percentage epoxy con 
version, (b) percentage swelling, (c) compatibility with 


trinitrotoluene, and (d) percentage deformation-under-load 


SPE JOURNAL, NOVEMBER, 1960 


Che following observations were made: 


a. Percentage epoxy conversion increased with amount 
of each curing agent used. Diethylaminopropylamine was 
the most efficient in converting the epoxy groups and meta- 
phenylenediamine was the least efficient. These results are 
in harmony with the chemistry of the reactions involved. 


b. Percentage swelling decreased through a minimum 
with amount of curing agent used for 1,6-hexanediamine, 
diethylenetriamine and meta-phenylenediamine and _ in- 
creased for diethylaminopropylamine. These results are also 
in harmony with the chemistry of the reactions involved. 

c. The epoxy resin cured with a 25% stoichiometric 
amount of diethylaminopropylamine or a 100% stoichiometric 
amount of meta-phenylenediamine was compatible with 
INT. 

d. Deformation-under-load measurements were made 
using diethylaminopropylamine and meta-phenylenediamin« 
and were found to correlate with explosive compatibility 


d ita 
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A New Device 

for Determining 
Shear Properties of 
Reinforced Plastics 


Picture frame loading 
device makes shear-stress 
design information 


easily obtainable 


A. P. Penton 


Convair, Division of 


General Dynamics Corporation 


ei ntly, in the use of laminated glass reinforced plas 


tics for shear resistant structures, the lack of design infor 


mation for these materials subjected to shear stresses greatly 


educes their efficient application. The principal method 


liscussed in this article for determining the shear properties 
of glass reinforced plastic laminates is a picture frame loading 
vice capable of producing approximately pure edgewise 
forces in the plane of the laminate Another method, 

| in this article, uses the Forest Products Labora 

ns (1) to calculate shear from experimentally de 

rectional properties in tension 01 compression 

nforced plastic laminate to be shear resis 

not have a tendency to buckle. This may be 

by making the laminate thick enough m re 

ion to its size, so that it will resist buckling; or in the case 
oneycomb sandwich with relatively thin laminate faces 
mb core may restrain the faces from buckling 
urticle, all tests were performed on laminates which 

were thick enough to be shear resistant o1 non-buckling All 
hed 


sts as cle scribed 


were performed on twelve (12) ply, 181 
vle, glass fabric reinforced phenolic resin laminates. Thesé 


laminates were parallel laminated and vacuum bag cured 
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A—Picture frame shear 
equipment and 
specimen before test 














B—Picture frame 
shear set-up after 
failure of specimen 











C—Diassembled picture 
frame shear equipment 
and failed specimen 
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THE PICTURE FRAME METHOD 


rhe glass reinforced plastic laminate specimens wer 


milled to the shape as shown by photo C, approximately 
that of a cross. The flanges of the cross were then bonded 
between the opposite faces of the picture frame device 
with an epoxy-phenolic glass fabric reinforced film adhesive 
For alignment during the bonding press operation, pins 
were used in each of the four corners of the frame and in 
each of the holes in the plates on the sides of the frame 
Aiter failure of a specimen the pieces of the metal picture 
frame were removed from the spec imen and ac id cle aned 
before bonding to another specimen 

As seen by Photo A, a tensile load is applied to the pi 
ture frame through two opposite corner pins. This load is 
transferred to the specimen through the bond line between 
the frame and the specimen The resulting forces on the 
square exposed cente! portion ot the spec Imen are applied 
shear around the perimeter of this square. Since these forces 
are analytically equal as applied to the exposed portion of 
the specimen they resemble the classical pattern for applic d 


pure shear, as given below 


applic d shear forces 
the 


sides 


Sam on all 


Since the edge wise shear forces (P on the « xposed part 
of the to the force (P applic d 
to the frame, the relationship between the shear forces and 
the tensile force applied to the frame is as follows 


specimen are at 45 tensile 


P P cos 5 


stre ngth ot the 


ultimate force P 


she al 
the 
This calculation is as follows 

Shear Strength P. (cos 45 t I 


is the shear cross-sectional area of a flang 


failure the ultimate 


calculated 


spe Ccimch 


can be from tensile 
recorded 
Ultimate 
Where t, (L 
ot the specimen 
Shearing strain was measured by two axial strain gages 
bonded at 90° to each other on one face of the specimen, as 
shown in Photo B. The load applied to the frame (P 
steel load 


Photo A and plotted autographically versus 


Was 


measured by the calibrated shown in 


ring as 
shear strain 
Che graphs resulting from this procedure contain an initial 
constant slope and related proportional limit. These con 
stant slopes mn pounds per inch, were then used to cale 
late modulus of rigidity for the specimens as follows 

Modulus of 
15 t.( 2, 


Ultimate shear strength and modulus of rigidity det 


Rigidity Value of constant slop 


minations by the picture frame method were performed on 
two sets of specimens. In the first set, the specimens wer 
and 
In the 
second set, the specimens were cut so that the warp direc 
to the direction of the edge 


wise shear stresses. The results from the tests on thes« speci 


cut so that the warp direction of the laminate was at 0 


90° to the direction of the edgewise shear stresses 
tion of the laminate was at 45 


mens are reported in the Table. As can be seen, the results 
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are reasonably 
direction at 0° and 90° to the 
shear stresses. A pure edgewise 


tained with the specimens with 


consistent for the 


specimens with the warp 
direction of the edgewise 
shear failure was not ob- 
warp direction at 45° to 


the direction of the edgewise shear stresses. The failure 
for specimens of this type was by delamination of the first 
ply in the area under the frame. Because the most efficient 
fiber orientation is in the 45° specimens, the ultimate edge 
wise shear strengths of these specimens was not reached be 
The 
lata reported in the Table are for typical specimens. More 
than one specimen was tested at 45°, but because the inter 


fore the ultimate interlaminar strength was exceeded 


laminar failures rendered the data useless, only one typical! 
result was reported. 





Results of Picture Frame Edgewise Shear Tests” 


Modulus 
of Rigidity 
X10°° PSI 


Angle of Warp 
to Shear 
Stresses 


Type of 
Failure 


Ultimate Shear 
Strength X10~ PSI 


Shear 
Shear 
Shear 


Inter 


90 19.3 : 1.19 
90 , 18.1 Ga 1.34 
90 19.5 3 1.21 

21.3 2.03 


laminar 


emperature tests 


shear strength at 0° and 90° t 
ultimate shear strength at 45° to 
shear modulus at 0° and 90° t 
lulus at 45° te 


ultimate 
war] 
warp 


shear moc warp 





In conclusion it appears that the picture frame method 
presented is satisfactory for obtaining shear stress design in 
formation for laminated glass reinforced plastics. Compared 
to the picture frame method, the Forest Products Laboratory 
method of calculating shear properties from tensile properties 
This should be taken 


values for minimum 


gives results which are conservative 
into consideration when reducing these 


design allowables 





Errata 


re ts Properties and Pr 
n the September SPE yurnal 


acrylic resin wos shown ft be 
$1.40-$1.50 per 


are $0.50 for acrylics and 


or nyion pound 


materials 


r nylons 


Contents page, September SPE Journal 


»f the article Porous Plastic Laminates, it 


method for preparing void free complex 


It should have been stated 


with voids in 


laminates 


f preparing lan 


nate 
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Quality Control 
Check-List and Procedures 
for Fluorocarbon Resins 


P. E. Thomas 


E. 1. du Pont de Nemours & Co. Inc., Polychemicals Department 


: terms TFE-fluorocarbon and FEP-fluorocarbon are 


used to further identify “Teflon” CFE-fluorocarbon 
resins (TFE meaning tetrafluoroethylene) are homopolymers 
and are processed by cold forming and sintering methods 
FEP-fluorocarbon resin (FEP meaning fluorinated ethylene 
propylene) is a recently commercialized copolymer which 
can be injection molded or melt extruded (10). Most of the 
important properties of FEP and TFE-fluorocarbon resins 
are essentially equivalent; the principal difference being that 
FEP resins have a 100°F lower continuous service tempera- 


resins 


ture 


Testing FEP Resin Parts 
The mechanical strength of in 
truded FEP-fluorocarbon resins is much less subject to 
fabrication variables than that or TFE-fluorocarbon resins. 
With FEP resin the major causes of variations in quality are 
surface roughness or delamination and thermal degradation 
In the case of injection molded parts, the following con 


‘ction molded or melt ex- 


trol tests are suggested: 

1. Oven aging at 480-520°F. for 1 hour. 
This test will reveal whether a sample is internally 
delaminated. Delaminated samples will develop a 
severe fish-scale-like appearance after this heat cycle 

2. Tensile tests. 
Tensile strength and particularly ultimate elonga 
tion appear sensitive to both thermal degradation 
and delamination. In small parts that cannot be 
tested in tension, crush or flex tests should be ap 
plicable. In general both tensile strength and _ulti- 
mate elongation decrease as the extent of delamina 
tion increases (1). Although severe thermal degra- 
dation lowers both tensile values, moderate thermal 
degradation may be masked by interactions between 
thermal degradation and delamination. 

Work on tests that specifically measure the extent of 
thermal degradation is still in progress and will be reported 
on at a later date. 

In testing extruded wire coatings of FEP resin 
electrical test techniques that measure physical integrity of 
the insulation seem to be all that is needed 

From an overall point of view it appears that quality 
control fabricated FEP 
paths that have been established for testing other non- 
as poly- 


standard 


tests on resin should 
semi-crystalline thermoplastics such 
ethvlene. With TFE-fluorocarbon different ap- 


proach is necessary, as the following sections will discuss. 


plastic ized 
resins a 
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follow the 


T est methods and equipment for deter- 
mining chemical composition and 
mechanical properties of fluorocarbon resins 


Significance of Quality Control Tests 
For TFE Resins 


The four tests that are commonly used for routine quality 
control purposes are dielectric strength, tensile strength, 
ultimate elongation, and measured specific gravity. Thes¢ 
four have been selected because of their simplicity, applic 
ability to a variety of shapes, good reproducibility, and 
sensitivity. The significance of these tests is explained in 
the following paragraphs and the relation between them 
and the basic quality factors is explained. 


1. Dielectric Strength 

The dielectric strength is controlled by the degree of 
microporosity. It is independent of the level of crystallinity 
and molecular weight. Table 1 shows that dielectric strength 
correlates with the size and number of microvoids visible 
with the aid of a microscope. 

As with other plastics the dielectric strength expressed 
as volts per mil increases as the thickness decreases. For 
example, 1/32 inch thick sheets of equivalent quality to 





Table 1. Relation of Dielectric Strength of 
TFE-fluorocarbon Resin Sheets to Degree of 
Microporosity 


Dielectric Strength 
Volts/ Mil” 


Appearance of Cross Section 
in Microscope 


760 
575 


No visible voids at 100X 
magnification 

Scattered .0001 in. diameter 
voids within particles 

Scattered .0005 in. diameter 
voids between particles 

Numerous .0005 in. diameter 
voids between particles 


445 
250 


sheets—Immersed in A-80 Transformer oil per ASTM D149-55T. 


° 1/16 
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Table 2. Effect of Microporosity on Tensile 
Strength and Elongation of TFE-Fluorocarbon 
Resin Sheets* 


Ultimate 
Tensile Strength Elongation 
Ib. /sq. in. percent 


Extent of 
Microporosity 


390 
350 
300 
170 


3600 
2520 
2020 
1800 


Negligible 
Slight. 
Moderate 
Severe 


* Free specimens with relative crystallinity of 65-68 
Tested by A cM rr j "D145 7-56T. See Table 2 for appearance of sam 
ple when viewed © th microscope 





have a dielectric strength of 1040 
volts/mil and 1/8 inch thick sheets have a dielectric 
strength of 480 volts/mil. This thickness effect should be 
considered when setting individual specifications. 


sample A in Table 2 


2. Tensile Strength and Ultimate Elongation 

The tensile strength and ultimate elongation depend to 
some degree on all five basic quality factors. Table 2 points 
out that the degree of microporosity (same samples as in 
Table 1.) has a significant effect. Limited data indicate that 
the amount by which tensile reduced by 
microvoids depends on the percent crystallinity. Microvoids 
have their greatest effect in low cryst allinity products. 

There is definite evidence indicates that 
strength decreases as percent crystallinity increases. On the 
other hand, ultimate elongation has been shown to increase 
as crystallinity increases (5, 9). 
affects tensile properties 
tensile strength 


properties are 


which tensile 


and then decrease 
The degree of orientation 
In general, in the direction of orientation, 
but ultimate elongation is decreased. 
all flaws can lower the strength to some 
impertect fusion between successive charges in ex- 
probably the defects 
of most common concern in Usually, the 
tensile strength and ultimate elongation of these 
truded products are controlled by the strength of the charge 
to-charge bond. 


also 


IS increased, 
While 

degree, 

truded rod 


tensile 


and heavy wall tubing are 
ram extrusion. 
ram ex- 


3. Measured Specific Gravity 


The measured specific gravity is obtained by water dis 
placement and gr adient tube techniques such as ASTM 
D792 or D1505. This is not necessarily the true specific 
gravity of the solid, any microvoids present 
will affect the specific gravity. 
controlled by the percent crystallinity and is indepe mdent of 
microvoid content. In the range of 50 to 85 percent crystal 
data now available does not agree with previously 
Values for crystallinity are 3 percent 
new values result 


howe ‘ver, since 


The true specific gravity is 


linity, 
published data (2). 
units higher than the earlier values. The 
from improved measuring techniques. 

The measured specific gravity is related to the true speci 
fic gravity as follows: 


True 
Specific Gravity 


Measured 
Specific Gravity 
Volume 
Percent 


Voids 
100% 


True 
Specific Gravity 


The volume percent voids is called the void content. The 


true specific gravity is the specific gravity of the solid poly- 
mer in the specimen. 
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Figure 1. Photomicrographs of typical TFE-fluorocar- 
bon resin sheet 


Negligible Porosity (top) Moderate Porosity (bottom) 


In the following sections the meanings of void content 
and crystallinity are further examined and newly developed 


methods of measurement are described. 


Research Tools for Measuring Basic Characteristics 


lo supplement the indirect quality control methods, a 
number of laboratory techniques have been developed to 


extent of mi- 
molecular 


check directly the presence of macroflaws, the 
croporosity, the percent crystallinity, and the 
weight. As yet, quantitative ways for determining the degree 
not fully developed. Because of their 


checking basic characteris- 


%t orientation are 


complexity, these methods for 


suited to routine 


tics are not product testing. 


ordinarily 


These research tools do aid, however, in understanding and 
interpreting reasons for quality variations. 

For detecting macroscopic flaws X-ray radiographic ex- 
aminations may be employed. Sufficient 
taken to give complete coverage of the piece. 
than two inches thick, at least two views taken 90 
needed. ASTM method E94-52T may be 


establishing testing procedures. While X-ray radiographic 


views should be 
In parts more 
apart are 
used as a guide in 
methods are satisfactory for detecting macroscopic flaws, 
they are not sensitive enough for detecting microscopic voids. 
A number of methods developed for this purpose are dis- 
cussed in the following paragraph. 
three methods in use for 
gree of microporosity: 


Chere are determining the de- 
1. Microscopic inspection 


2. Visual examinations with and without the use of dye 
penetrants 

3. Comparison of measured and true specific gravity. 
Microscopic techniques offer a valuable method of quali- 

tatively checking the degree of microporosity and are pri- 

“trouble-shooting”. 


marily useful for 
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25 microns thick is 
microtomed Che 
viewed with the aid of either transmitted or reflected light 
Usually a 5 — 250-fold magnification is employed 

Figure 1 illustrates the differences which can be seen with 
i microscope. It shows a 50X magnification of the cross sec 
tion of two molded parts of varying porosity 


In Sample A 
the texture is uniform, whereas in Sample C, 


this method, a sample 10 


lo use 


and mounted on a slide slide may be 


the numerous 
small black patches are indications of voids 
Visual inspection by a trained observer without a micro 


pe can be 


of real value in detecting excessive microporos 


ind othe YrOoss quality defects. While it is difficult to 
vev in words the experience that enables one to judge 
worthwhile hints are 


legress of microporosity, some 


e It is easier to inspect for porosity by transmitted light 
by reflected light 

light directly behind the 
illuminated panel, with a ground 


than 


powerful source 
\ large 


glass surface is best for inspecting sheet stock 


e | S¢ 1 
sample 
seen by 


readily viewing 


than 


@ Small cracks are often more 
angle of 45° rather 


through the sample 


at an looking directly 


¢ If permissible, cut off a thin section with a sharp 


knife and inspect it also 
standard comparison samples of 


A simple method 


. Prepare a series ot 


varving ce grees ot microporosity 
to collect samples of varying measured specific 


Travito 


that have been processed by the same sinter- 


] 


nd cooling conditions so as to have the same 


true specific gravity 


value vividly colored penetrants® as an aid in 
defects is subject to con 
skilled in 
that 


penetrants intensify parti le boundaries and make it easier 


for semi-skilled workers to grade the 


roporosityv or gross 


diffe 


n tes hnique S 


rences Of opinion among persons 


Proponents of their use argue 


degree of porosity 


Count irguments are that sometimes relatively unimpor 


tant factors such as surface smoothness influence penetrant 
receptivity to such a degree that improper quality classifi 
ations can result. It is the author's opinion that penetrant 


methods are of some value when 


inch thick 


e Similar parts have previously been tested and com 


© The part to be tested is less than 


parison standards of both acceptable and non-ac 


ceptabl 
© An 
fabricator as to 

tural flaws. Such flaws as edge 
flakes of resin in fabricated sheet 

nicks in the 

The volume percent 
measure of the degree of microporosity 


tion defines the 


quality are availabl 


agreement has been reached by the end user and 
the significance of occasional struc 
cracks and adhered 

and saw marks or 
surface of rod fall in this classification. 


voids or the void content is one 
The following equa 
void content 
Percent 
Void Content 
rue Specific Gravity-Measured Specific Gravity 

——_- — X 100 

Csravity 


True oper i fic 


the combined errors of truce specific gravity and 
is difficult to 
guish imong sample Ss having less than 0 5% voids The 


0.29 


specific gravity determinations, it 
m of void content measurements is as good as 
homogeneous samples but may be no better than + 0.5% 


iniform samples 


Useful information about the quality of a fabricated part 
may be obtained if the crystallinity or true specific gravity 1s 
known. 

A number of techniques have therefore been investigated 
for determining these data. These methods include: torsional 
damping (torsion pendulum—Reference 4 infrared spec 
troscopy (3) (“Reflectoscope "——Reference 5 
rebound resiliency (Scleroscope* °—Reference 8), and X-ray 
‘The infrared and the torsional damping 


ultrasonic 


dittraction (7 


techniques appear to be the most sensitive methods and 


warrant further discussion 

In the infrared method a thin slice is cut from the speci 
men, mounted in a spectrometer and th absorption intensi 
ties of bands at two wavelengths are measured. The ratio of 
the intensity of the absorption band in the spectrum of the 
sample at 12.85 microns to that at 4.25 microns decreases 
linearly as the true spec ific gravity increases 3) 

With the torsion pendulum® Figure 2, one end of a ma 
chined specimen is clamped to a top support. On the lowe: 
end of the sample a moment arm 1s clamped The geometry 
of the clamps and the size of the moment arm are bas« d on 
the sample geometry. By gently oscillating the moment arm 
the sample 1S subjec ted to small twisting o1 torsional forces 
causing it to oscillate about the support axis. By measuring 
the period of oscillation the torsion modulus may be calcu 
lated. This value is directly proportional to the true specific 
gravity 

The true specific gravity based on an average of two 
infrared determinations on a given sample Is precise within 

003 specific gravity units (95% confidence limits The 


true specific gravity for an average of two torsion pe ndulum 


*°® Shore Instrument Company 
® Baldwin Lima Hamilton Co., Waltham 
ering Co., Gloucester City, New Jersey 








Figure 2. Torsion Pendulum. By measuring the period 
of oscillation, torsion modulus, which may be related 
to true specific gravity, may be calculated 
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determinations is precise to within 002 specific gravity 
It should be noted, however, 
that the above precision values are based on experience 
with a limited number of instruments and that inter-labora 


tory accuracy has not yet been adequately established. 


units (95% confidence limits 


While the torsion pendulum gives slightly better re- 
producibility than the infrared method, it is less versatile. 
rhe cost of the torsion pendulum is considerably less than 
the cost of a suitable infrared spectrometer. , 

Torsion pendulum specimens must be at least .010 inch 
thick and preferably .020 inches. 
% inch thick and rod specimens up to % 


With present instruments 
flat specimens up to 
inch in diameter can be tested. Thicker specimens must be 
machined. Surface roughness and excessive thickness varia 
with 
Specimens should feel smooth and vary less than 5 percent 


tions intertere accurate modulus determinations 


in thickness along their length. Theoretically any length 
be used. Results to date indicate, however 


that the specimens should be at least 2% inches long. 


spe ‘cimen can 


With both methods, orientation w?thin the specimens in- 
troduces errors. Because means of correcting for these errors 
are currently unknown, the true specific gravity of paste ex 
truded wire coatings, tubing and film, and coined sheeting 
cannot yet be acc urately measured. With the paste extruded 
products, however, apparent specific gravity measurements 
may be used to estimate the degree of crystallinity since the 
void contents are normally low. 

The degree of crystallinity is controlled by the molecular 
length of time that 
within the temperature range for rapid crystallization (585 
620°F 
ard thermal cycle, relative 


weight and the a part is maintained 
By reheating fabricated parts according to a stand 
’ molecular weights may be esti 
mated through crystallinity or true specific gravity measure 
ments. In low void content parts, relative molecular weights 
may be approximated from the apparent specific gravity 
Details on the standard thermal cycles may 


ASTM method D1457-561 


measurements 


be found in 


Practical Crystallinity Limits 


Recent have discussed at length the in 
fluence of the degree of crystallinity and voids on properties 
A number of 


tions have arisen, however. that point to the need for fu 


papers ( 5. 9 


of fabricated TFE-fluorocarbon resins ques 
ther clarification of normal limits for these basic variables 
While theoretically the percent crystallinity or true specific 
gravity can be controlled over a wide range, there are cet 
tain practical limits. For instance, in parts thicker than about 
44 inch it is not possible to cool the interior fast enough to 
reduce the crystallinity thin 
films rapidly cooled in water it has not been possible to re 
duce the crystallinity below about 47% (true specific gray 
ity 2.135). An important point to keep in mind, therefor 
is that measured specific gravities below 2.135 reflect some 


below about 55%. Even in 


voids in any specimen. 

At this early stage in the commercial utilization of meth 
ods for measuring crystallinity we fee] that crystallinity values 
should not be directy specified. Where a particular ‘crystal 
linity-dependent property is felt to be critical, we suggest 
that meaningful specifications be placed on the measured 
specific gravity 


How to Specify Typical Fabricated Parts 


When setting property and tolerance specifications, thi 
needs of the application must be balanced against the capa 
bilities of both the resin and the method of making the 
part All too often the needs are considered and designs are 
frozen before any suppliers of fabricated parts are con 
sulted. This inevitably leads to confusion and inefficiency 
and often increases costs for the sake of expediency 
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As an aid in tailoring specifications to wed design needs 
to the capabilities of fabricated fluorocarbon resins, the 
following suggestions are offered: 

1. At the inception of a design idea, engineers should 
acquaint themselves with a broad picture of the prop 
erties of fluorocarbons as given in general texts. 

As soon as the preliminary design is on paper, the 
mechanical properties and dimensions needed for the 
application should be rev iewed. A number of articles 
on designing have appeared in the literature and may 
be consulted (9). Also at this point competent sup 
pliers of fabricated parts should be consulted. Usually 
there are several quality grades of a given fabricated 
form. By having a supplier point out what is available 
at an early stage, it is often possible to adjust the de- 
sign to accommodate the most economic usage of the 
material. 

Once the design is frozen, there are several routes 
towards setting specifications. For stock shapes such 
as sheets, rods, and tubes a number of manufacturers 
specifications have been prepared by fabricators of 
fluorocarbon resins under the auspices of the Society 
of Plastics Industry, Inc., 67 W. 44th St., New York 
36, New York. In general, these specifications will 
cover more than one quality grade so that purchasers 
may select the type best suited for a given application 
Other specifications are now being prepared by the 
American Society of Testing Materials, the Society of 
Automotive Engineers and various military agencies 

In special situations, such as the case where a company 
has a policy of writing their own specifications, the pre 
not be satisfactory. In such in 


viously cited sources may 


stances the following guides on dimensional tolerances and 


- 


test methods may be useful 


Factors to Consider When Specifying Dimensions 


When setting 
important factors that should be kept in mind. First TFE 
a high coefficient of thermal ex 
Thus the am 


dimensional tolerances there are two 
fluorocarbon resins have 
pansion, particularly over the range 66-70°F. 
bient temperature for measuring dimensions should be speci 
fied. To illustrate the importance of this point, a part with a 
diameter of 1.000 inches at 73°F will contract about .003 
inches when cooled to 66°F and expand nearly .001 inches 
when heated to 80°F. In cases where parts are being checked 
igainst tight tolerance specifications, measurements should 
normally be made at 73°F + 2 
at this temp. rature for at least 16 hours. The second factor t 


F on parts previously held 


remember is that “Teflon” can be deformed even by relatively 
low loads. Sometimes this is an advantage because slightly 
oversize or undersize parts can be deformed to fit. On the 
other hand. false tolerance readings can be obtained if mi- 


crometers are excessively tightened. Where applicable, an 


optical comparator is often the best way of checking dimen 


sions. 

The dimensional stability at elevated temperatures is con 
trolled by the degree of orientation along with any frozen 
in-stresses caused by uneven cooling after sintering. As a 
means of detecting differences in dimensional stability within 
a reasonably short period, parts are commonly heated to 
550°F for 1 hour for each % inch in the thickest section. In 
instances where dimensional stability at high temperatures 
is critical, this fact should be clearly noted since it can be 


controlled by proper choice of fabrication conditions 
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Suggested Test Methods for Various Shapes 

The box at right gives specific tests for checking 
the quality of extruded rod, molded sheet, molded parts, 
and tapes or films made from TFE-fluorocarbon resin. 

Melting point measurements are suggested as an identi- 
fication test to insure that a part is actually made from TFE- 
fluorocarbon resin FEP-fluoroc arbon resins may be distin- 
guished from TFE-fluorocarbon resins by this test. “Teflon” 
100, the presently available grade of FEP-fluorocarbon 
resin, melts at 545°-565°F as compared to 603°-639°F for 
all grades and granulations of TFE-fluorocarbon resins 

In the case of extruded rod, tensile strength and ultimate 
elongation are the standard methods used to measure quan- 
titatively the strength of the charge-to-charge bond. There 
are three other qualitative methods sometimes used for the 
purpose. X-ray radiographic inspection has previously been 
discussed. Mandrel bend tests have been suggested for 
testing rods smaller than one inch in diameter (11). Still 
another method consists of resintering an unconfined section 
of a rod at 700°-720°F for a period of 1-4 hours depending 
on the rod diameter. Extruded rods with poor charge-to- 
charge bonds will develop distinc tly \ isible cracks as a result 
of this heat aging cycle 

With extruded rods dielectric 


specific gravity methods are suggested for checking for ex 


strength and measured 


COSSIVE microporosity 

For testing sheet, dielectric strength and dye penetrant 
methods are used to check for microporosity. Low measured 
specific gravities will also indicate this. The main purpose 
of measured specific gravity determinations, however, is to 
provide an approximate measure of the percent crystallinity. 
Tensile strength and elongation provide an all around indi- 
cation of overall quality. 

With molded parts, the X-ray and dye penetrant methods 
are suggested as means of detecting surface and internal 
Haws. Measured specific gravities are used to detect varia 
tions in the degree of microporosity and percent crystallinity 
although these effects cannot be separated. The dimensional 
stability at elevated temperatures ,is usually determined by 
annealing a part at 550°F as discussed on p. 1251-2 

For tapes, pinhole counts and dielectric strength measure 
the degree of microporosity and the incidence of localized 
flaws. Measured specific gravity is primarily used as an index 


of the percent crystallinity as the void content is normally 


low. Tensile measurements, as in the case of sheeting, are 


used as an overall index of quality 
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Here is a Convenient Check-List of 
ASTM Test Methods for you to Check 
Quality of TFE-Fluorocarbon Resin... 


Extruded Rod 


Test 
Tensile Strength 
Ultimate Elongation 
Measured Specific 
Gravity 
Dielectric Strength 
X-Ray 
Melting Point 


Molded Sheet 


Tensile Strength 
Ultimate Elongation 
Dielectric Strength 
Measured Specific 
Gravity 

Dye Penetrant 


Melting Point 


Molded Parts 


Measured Specific 
Gravity 


X-ray 
Dimensional Stability 


Dye Penetrant 
Melting Point 


Films and Tapes 


Tensile Strength 
Ultimate Elongation 


Pinhole Count 
Dielectric Strength 
Measured Specific 
Gravity 

Melting Point 


® Central section of test specimens machined to 60% o 
Specimen length 5 
inches /minute cross head speed. 


nominal diameter 


SPI, September (1957). 


ASTM Method 
D-638, modified” 
D-638, modified 
D-792-50, 
or D-1505-57T 
D-149-55T 
E-94-52T 
D1457-56T 


D-1457-56T 
D-1457-56T 
D-149-55T 
D-792-50 or 
D-1505-57T 
Non standard— 
(Reference | 1) 
D-1457-56T 


D-792-50T or 
Calculated from 
weight 

and dimensions 
E-94-52T 
Non-standard 
Heat to 550°F, 
cool slowly 
Non-standard 
D-1457-56T 


D-1457-56T or 
D-882-54T 
D-1457-56T or 
D-882-54T 
D-1389-56T 
D-149-55T 
D-792-50 or 
D-1505-57T 
D-1457-56T 


f 
5 inches. Tested at 2 


“Designing with “Teflon” —Article in Machine Design 
September 5, 19, October 3, 17 (1958). 
R. S. Mallouk, W. B. Thompson- -SPE Journal, October 


(1958). 


I. D. Press—Materials and Methods, 38 (1953) July 


F. C. McGrew, 


p. 162, 273, 275 


Modern Plastics, 


November, 1957, 
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Adhesives for Poly( Vinyl Chloride) Shoes 


R. J. Carey 


Compo Shoe Machinery Corp. 


O.. of the most critical factors in adhesive formulation 


is the proper choice and incorporation of plasticizer. Un 
fortunately, standard adhesives are limited in their capacity 
to absorb plasticizers. When that limit is exceeded the phy- 
sical properties of the standard adhesive degrade appreci- 
ably. This is particularly apparent when such adhesives are 
used on premolded highly plasticized vinyl soles. Ordinary 
cements leach or extract so much monomeric plasticizers 
from the soling that the adhesive films are excessively de- 
graded. Such adhesives exhibit very tacky surfaces or indeed 
appear not to dry at all. Plasticizers still are very much of a 
problem but their solubility in the cement solvents now be 
comes a major factor. 

One suggested approach was the exploration of rapid dry 
solvent systems and forced drying systems for the adhesives 
to minimize the contact time of the adhesive solvent with 
the highly plasticized vinyl surfaces. The results to date of 
work on this method of approach have not been too en 
couraging. At best only limited success has been attained 
such that widespread use in shoe factories would be ham 
pered by the equipment and space requirements. 

The historical approach—that of 
plasticizer acceptor while building up 
successful. 


using a cement as a 
resistance of the 
degradation—was Sufficient 
different cement systems were successfully devised on this 
basis to demonstrate the feasibility of this approach. Each 
was formulated on the basis of cross-linking one or more of 
the ingredients in the adhesive film to withstand softening 
by plasticizers. At the same time, the adhesive film was not 
made so resistant to plasticizers that the adhesive would be 
pushed off the vinyl by continued migration of plasticizers 
Some of these adhesive systems will not be used com 


cement to more 


mercially for various reasons. One adhesive has a toxic or- 
ganic cross-linking agent; another uses an inorganic catalyst 
that has produced dermatitis. Fortunately, several adhe- 
sives are available that appear to be quite safe for general 
shoe factory use. These are cross-linking systems also, but 
toxicity and dermatitis are not factors. One type is a two- 
cement system rather than a two-part cement to avoid 
measuring and mixing of curing agents in the factory. The 
catalysts or crosslinking curing agents are divided between 
two cements which are quite stable in themselves. One 
cement is applied to vinyl soling and the other to the shoe 
upper material. When they coalesce and fuse together in 
the sole-attaching operation, cross-linking occurs over a 
period of twenty-four hours to several days depending upon 
the ambient temperatures. A second cement system is on 
part and exhibits good stability at room temperatures. Its 
cross-linking agents are triggered by a short exposure to 
elevated temperatures. This one-cement system is particu 
larly suited for use on injection molded shoes wherein a two- 
cement system would present difficulties as objectionable, if 
not more so, than those encountered with a two part cement. 
The initial plasticizer resistance of these adhesives is quite 
good but this property improves as the curing and cross- 
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linking of the adhesive films progress. The degree of bond 
strength varies with the vinyl formulation. In general, it 
approximates those obtained from high quality rubber soling 
materials. 

These new vinyl cements on soft thermoplastic soling 
materials present a new problem. Since these adhesives are 
basically harder than any sole-attaching adhesives in com- 
mon use with the exception of nitrocellulose cements, the 
problem of activation is quite serious. Activation is the 
process of rendering an adhesive film into such state or con- 
dition that it will readily weld, fuse or coalesce with an- 
other film under pressure. Sole-attaching 


cement while 


cements are commonly solvent-activated as is the case with 
pyroxylin or nitrocellulose adhesives or are heat activated 
in the case of vinyl adhesives, nitrile adhesives, and the 


harder neoprene adhesives. Some cements are used in a 
pressure sensitive state especially the softer neoprene and 
some nitrile adhesives. This latter process actually uses sol- 
vent retention as the activating medium. 

While the new vinyls could be solvent activated, the poor 
green” strength of viny] materials would present a problem 
on some shoe constructions. There must also be considered 
the fact that the short time-dwell sole-attaching presses now 
in such wide-spread use in the industry might not be suit- 
able. In the past, solvent activation of adhesives on non- 
process materials has always presented problems especially 
because of the influence of ambient atmospheric conditions 
on solvent release. 

On the other hand, heat activation which is practically 
independent of weather conditions causes distortion of vinyl 
when conventional heat activators are used. The 
Compo Shoe Machinery Corporation has devised a new acti 
vator with controlled infra-red activation to melt these 
cement films without distorting the vinyl soles. With this 
activator it is necessary to heat the cement films on both 
the shoe and sole to insure sufficient softening of the cements. 
Because of the necessity to limit the quantity of heat ab- 
sorbed by the sole while still softening the cement film, it is 
difficult to transfer a sufficient quantity of heat to the shoe 
to activate properly a cold cement film. Therefore, both 
shoe and sole must be heated. This entire cement process 
with the new activator is now undergoing field trials with 
very encouraging results to date. Standard shoe factory 
equipment with the exception of the activator is employed. 
This includes the use of standard sole-attaching presses, 
cementers, roughers and finishing machines. 

The future for vinyl plastics in the shoe industry looks 
extremely bright particularly in expansion into the shoe 
soling field. With the work now going on to establish in- 
dustry standards for testing vinyl materials and vinyl ad- 
hesion, and the cooperation of extensive testing and field 
trials by participating firms, there is every hope for success 
of this latest development of the plastics industry. 


soles 
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Reynolds to Lead SPE in 1961 


FRANK W. REYNOLDS, President 
On the taff f International Business Machine 
1928. Frank W. Reynolds has been 
for 20 years. In 1940 he was a 
rganized Plastics Laboratory at 
has served successively as mold 
nd as Manager of the Labora 


been an SPE member since 1950 
member f the Binghamton Section 

its President and Councilman. Ir 
society Membership Chairman, in 1959 
and in 1960 First Vice-President 

rs he served als 2s Admin 


yea 


sional Activity Grour 


JAMES R. LAMPMAN, Ist Vice President 


Lampmoan, a native f Lansing, Michi 


r of the Organic Chemical Engineering 
cE Laboratory f General Electric 
cuse, N. Y. He 
University with 3 in Che mical 

1948 and joined G. E. immediotely 

nce 1955, he 
Central New York Section. He ha 
p's Councilman since 1958. In 
ety Membership Chairman and ir 


r\ 


JOHN DELMONTE, 2nd Vice President 


John Delmonte wa jraduated with o B.S. in Ele 


instrumental 


cal Engineering from New York University in 1933 
M.S. in the same subject the follow 

Massachusetts Institute f Technology 

ented the Southern California Section as 

cilman the last three years and i currently 
Chairmar f the Western Section of SPI. He was a 
member f the Executive Committee f SPE and Ad 
f Meetings during 1959. He is President 

f Furane Plastics, Inc., having 

in 1945. He is the author of 

1d numerous technical articles in trade 


nal journal 


JOHN M. BERUTICH, Treasurer 
M. Berutich has worked in the plastics in 
jraduation from Lehigh in 1937. He 
us engineering and supervisory capaci 
Electric Company prior to joining the 
Haveg Industries in 1959 when that 
vased the GE molding operations in 
j Kentucky 
An SPE member since 1956, he is a past President 
f the Kentuckiana Section and has been that grour 
7n since 1959. He was Chairman of the 
tudent Membership Committee in 1959 
ition and By-Laws Committee in 1960 


Lampman, Delmonte, Malone and Berutich elected to 
other major Society offices at October 18 Council 


meeting. 


SPE’s new officers for 1961. Seated, left, Frank Reynolds, and at right 
John Berutich. Standing, left to right, Maurice Malone, James Lampman 


and John Delmonte 


MAURICE F. MALONE, Secretary 

Maurice F. Malone was awarded both a B.S. in Chemistry from Loyola 
College and a Bachelor of Commerce degree from McGill University. In 
1952 joined the laboratory staff of Canadian Resins and Chemical 
Following three years as o sales representative, he was promoted in 1956 
to his present post of Sales Development Supervisor in Montreal 

An SPE member since 1953, Mr. Malone was elected Councilmar 
representing the Quebec Section in 1958 and in 1960 was appointed 
to the Society Executive Committee and Administrator of Publication 


* The titles of First Vice-President and Second Vice-President will becor 
Vice-President, Engineering and Vice-President, Administration, respectit 
should a new organization plan for the Society receive final Council appre 
on January 23, 1961 

Edited by 


Thomas A. Bissell, Executive Secretary 
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the few extra pennies that bu 


We believe that these few pennies, invested in the righ 


plasticizer, buy next year's vinyl business. .. the repeat 
business that stems from confidence in the consistent 
quality and performance of your product. 

Why? Because these few additional pennies buy a 
Plastolein 9058 DOZ. 


We'll admit that cheaper low-temperature plasticizers 


proven low-temperature winner! 


appear tempting. But do they warrant putting the future 
of your business in jeopardy? 


With time-tested Plastolein DOZ you are sure of last- 


ORGANIC CHEMICAL SALES DEP 


VOPCOLENE DIVISION, LOS"ANGELES — EMERY INDUSTRIES (CANADA 
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y next year’s vinyl business 


2 low-temperature flexibility . . . excellent heat and 

low volatility .. inusually good 

all the qualities that lead customers to buy 

(and buy again) with confidence. Isn't this your strongest 

| for next year’s vinyl business ... your best assur- 
continued profit? 

If you are not familiar with Plastolein 9058 DOZ, send 

for evaluation samples or full information today. Write 


Dept J-11 


PLASTOLEIN® PLASTICIZERS 


EMERY INDUSTRIES, I} AREW TOWER, CINCINNATI 2, OHIO 


LTD., LONDON, ONTARIO EXPORT DEPARTMENT, CINCINNATI 





Uniform in weight, 
coverage, strength 


Reinforce with a fiber glass mat completely free 
of weak areas caused by variations in mat 
weight or pattern. With UNIFORMAT’s even 
texture, you’re sure of strength uniformity in 
every direction. Every roll is alike. We check 
each carefully against Ferro’s high-quality 
standards at every stage of production. 
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UNIFORMAT handles, tailors, laminates easily 
without tearing. Every roll must conform to 
close ‘‘specs.’’ Write for samples, prices. 


FERRO CORPORATION 

FIBER GLASS DIVISION 

Nashville 11, Tenn. . . . Huntington Beach, California 
Other Ferro plants in Argentina, Australia, Brazil, 
Chile, England, France, Holland, Hong Kong, Japan, 
Mexico and South Africa. Write for full addresses. 
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BRINE LOSES ITS BITE 
When “reefer” hatch covers are preform moldings 


Refrigerator car hatch covers take a beating from weather, 
hard use, and corrosive brine. Preform molded polyester 
hatch covers prove they can take it, and save money for the 
user, as well! 

The Plastics Division of General American Transportation 
Corporation preform molds the durable hatch covers shown 
above for Standard Railway Equipment Manufacturing 
Company. The results are economical covers with excellent 
resistance to weathering and to the attack of salt; they won't 
warp or lose their strength and they last the life of the car 
with little or no maintenance. 


Reinforced polyester moldings are low in cost, too. Nearly 


THE DOW CHEMICAL COMPANY - 
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any configuration can be molded, greatly reducing the num- 
ber of costly production operations normally required by 
other materials. 

Preform moldings offer advantages in cost, in production 
ease, in long life under difficult service conditions; and the 
types of products for which they can be used are virtually 
unlimited. The Dow Chemical Company supplies the basic 
monomers for polyester resins for premix, preform and mat 
moldings—Dow styrene and Dow vinyltoluene. 

For information on these Dow monomers, write THE DOW 
CHEMICAL COMPANY, Midland, Michigan, Plastics Sales 
Department 1967EX11. 


See “The Dow Hour of Great Mysteries’ on NBC-TV 


MIDLAND, MICHIGAN 
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NOW AVAILABLE FROM NEW PLANT... 


‘ 
Rag. 
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Monsanto's new multimillion-lb./year plant producing SANTICIZER 
ASSURED 409 is now onstream at Everett, Mass. Production was multiplied 
SUPPLY greatly in response to rapid acceptance of this versatile plasticizer 
by the plastics industry. 





SANTICIZER 409 is highly compatible and imparts good performance 
properties to vinyls. Volatility is low. Heat stability and light stability are 
excellent. Comparative tests show that SANTICIZER 409 resists solvent 
extraction best of all lower-cost polymeric plasticizers. SANTICIZER 409 
stays put, won’t exude even in high humidity. 


IMPROVED 
PERMANENCE 





SANTICIZER 409 has low viscosity, high solvency ... for much faster 
fusion and extrusion. Helps prevent pinholes, “‘fisheyes,” and roughness. 
You can count on SANTICIZER 409 to boost output, reduce processing 
problems, and assure optimum physical properties within your processing- 
temperature range. 


FASTER 
PROCESSING 





PP sane-unanted —— — & rensabcartatmanel : POLYMERIC “B’” 


POLYMERIC “A” —~ 





OPTIMUM 


FUSION CLARITY 


Tempematues + 








SANTICIZER 409 is clear, non-hazy, light-colored. Contains no flocculent 
HIGH matter that might weaken electrical properties or cause spotting in thin 
PURITY films and transparent sheeting. SANTICIZER 409 adds no odor to gaskets 
or wire insulation for refrigerators or other low-odor applications. 





Compare prices and specific gravities. SANTICIZER 409 gives compounders 
more plasticizer per dollar... more profit per unit volume of compound. And 
easier, quicker processing provides added savings. 


SUBSTANTIAL 
SAVINGS 
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WEEKS TO EXUDE AT 100% HUMIDITY, 60°C 





‘SANTICIZER 


HIGHER ated 


COMPATIBILITY POLYMERIC “A* 


POLYMERIC “B” 
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Specify SANTICIZER 409 to simplify processing and assure superior elec- 
trical properties ... especially for 105° C. appliance wiring, plastisols, and 
adhesive-backed insulating tapes. Vinyls compounded with SANTICIZER 
409 show consistently high resistivity ... plus excellent compatibility even 
in high humidity, superior retention of properties after heat aging, and no 
corrosion of copper. 


FOR BETTER 
INSULATION 





You can easily meet tough specifications with SANTICIZER 409... . for 
such products as automobile upholstery, adhesive-backed decorative film, 
FOR BETTER unsupported sheeting, scuff- and extraction-resistant film, and corrosive- 
SHEETING, FILM, sy protective a eng ig se 409 improves — — 
erties. It’s practically odorless. It doesn’t migrate, imparts better low- 
AND COATINGS temperature flexibility than many other polymeric plasticizers, and offers 
superior resistance to extraction. 





compare benefits with any other polymeric plasticizer 


SANTICIZER 409 GIVES BETTER VINYL 
COMPOUNDS AT LOWEST COST 











IF YOU WANT better, lower-cost vinyl compounds...can you afford 
to ignore SANTICIZER 409? Send today for illustrated Technical Bulletin 
PL-409 ...and get samples and compounding help from Monsanto’s Plas- 
ticizer Council. 


® 
Monsanto, maker of more 
plasticizers than any other 
company, provides these 
benefits to customers: 


MONSANTO CHEMICAL COMPANY 
Organic Chemicals Division 
St. Louis 66, Missouri 


precisely right 
plasticizer 


Please send me: Technical Bulletin PL-409 Test sample of Santicizer 409 
systems 





NAME TITLE 


mixed-shipment 
savings 


COMPANY 


STREET 


able technical 
heip in depth 


CITY ZONE STATE 
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ABOUT 
MEMBERS 


The formation of a new corporation 
Woodbridge Plastics Inc., to provide 
custom compounding of vinyl and 
polyethylene for the wire and 
cable, vinyl! shoe, profile extrusion, 
and injection molding industries, 
was recently announced by Ken- 
neth B. Cary, President and Rich- 
ard A. Murphy, Vice President, 
Mr. Murphy Sales 


Daniel E. Strain has been appointed associate research 
manager of Du Pont’s newly formed Polyolefin Divi- 
sion. Dr. Strain has been with the company since 1929 
and is a recognized authority on hydrocarbon research. 


Frederick W. Schneider has recently joined Marbon 
Chemical Div., Borg-Warner Corp. as group leader in 
charge of plastics applications and evaluations. He was 
formerly with Firestone Plastics 


Alan Corry has joined Chamberlain Laboratories’ staff 
as research engineer. Formerly a research and develop- 
ment project engineer with the Electric Boat Division 
of General Dynamics Corp., Corry holds an M.S. degree 
in chemical engineering from the University of Rhode 
Island 


John W. Hinton recently joined Godfrey L. Cabot, Inc. 
as a sales development engineer. Hinton graduated 
from Yale with a B.S. degree in industrial administra- 
tion. He comes to Cabot from Union Carbide Plastics 
Co. 


H. D. Howard has been appointed vice president of Ray 
Products, Inc., Alhambra, Calif. Howard has been with 
Ray Products for 6 years, most recently serving as plant 
superintendent 


Modern Plastics Machinery Corp. has announced the 
appointment of Bruno V. Menegus as Chief Engineer. 
He is a graduate of Fairleigh Dickinson University and 
is a member of the Newark Section 


Gordon B. Thayer, staff specialist in technical service 
for Dow Chemical, has been named project menager 
to plan and set up new service operations for Dow’s 
European customers. Thayer is an authority on injec- 
tion molding and is a member of the Detroit Section 
of SPE. 


Norton C. Wheeler, Jr. has been 
appointed research and develop- 
ment Manager of Davis-Standard, 
Div. of Franklin Research and De- 
velopment Corp. His work will be 
clirected primarily toward the de- 
velopment of high-production sys- 
tems for all types of plastics ex- 


Mr. Wheeler trusion. 
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Mario Petretti Dead 


Southeastern Ohio Section Councilman, 
and 1949 President of SPE, 
dies suddenly on October 7 


Mario Petretti as SPE President in 1949 


The Society of Plastics Engineers lost a 
most dedicated and loyal member with the 
death of Mario J. Petretti. One of the pioneers 
of the plastics industry, he started his career 
with the Levittown Manufacturing Co. 
Brooklyn, N.Y., in charge of the Plastics De- 
partment, in 1931. In 1945, he set up the 
Plastics Division of the Noma Electric Corp., 
becoming General Manager. Subsequent posi- 
tions held were, Chief Engineer with Conti- 
nental Can Co. (1950), Chief Engineer and 
Vice President, Camfield Fiberglass Plastics, 
Inc., (1952), and Vice President, Product 
Techniques Inc., which position he held at 
the time of his death. 

Never content to bask in the reflected 
glory of past achievements, Mario was a tire- 
less worker who had an intense pride in his 
profession and his Society. This was exempli- 
fied in his letter reply upon being notified of 
his appointment as a Distinguished Member 
of the Society: ‘Needless to say, I am abso- 
lutely thrilled in receiving the notification 

”’ In Council, where he served for many 
years, he was quick and eloquent in express- 
ing his convictions, which sometimes were 
unpopular, if he believed them to be for the 
good of the Society. He was one who re- 
spected the judgment of his colleagues, al- 
though he did not always agree with them 
Past President Peter W. Simmons (1957) rep- 
resented the Society and the Past Presidents 
at the funeral held on Monday, Octobe: 9, 
at St. Patrick’s Cathedral, Grand Haven, 
Mich. 

Mr. Petretti is survived by his wife and 
three children. 

The Society of Plastics Engineers laments 
his passing. ‘ 
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Frederick J. Maywald has been ap- 
pointed Vice President and General 
Manager of Modern Plastic Ma- 
chinery Corp., extruding and blow 
molding equipment manufacturer, 
Clifton, N. J. A veteran of more 
than 20 years in the chemicals and 
plastics industries, his background 
includes associations with National 
Mr. Maywald Rubber Machinery Corp., Allied 
Latex Corp., Tecla Chemical Co., 
and Standard Latex Co. Other appointments for Mod- 
ern Plastics Machinery Co. include: Leslie J. Kovach 
as Vice President in charge of blow molding, and 
Casper S. Gilbert, Sales Manager. 
Durbin “Doc” Hunter has been elected Vice President 
and General Manager and a Director of Plastics Corp- 
oration of America, Stamford, Conn. The company 
manufactures polystyrene molding and _ extrusion 
resins. 
C. Howard Adams, has been appointed manager of 
product engineering for Monsanto Chemical Company’s 
Plastics Div. at Springfield, Mass. Also for Monsanto 
at Springfield: Michael F. X. Gigliotte appointed assis- 
tant director of engineering, and Sidney Rankin joins 
the research department, coming from Kordite. 


Edward W. Bastian, vice president of Catalin Corp. of 
America, has been appointed general sales manager of 
the company. He will be responsible for the sales in ail 
product lines and will make his headquarters in New 
York City. 

Thomas M. Hamilton, field representative for Rohm & 
Haas in the upper New York State area, is now in 
charge of the Southeastern territory, with headquarters 
in Atlanta. 

Carl A. Setterstrom, formerly general manager of 
marketing of AviSun Corp., has been named vice presi- 
dent of marketing for the Rexall Chemical Co. 

A 12-man U.S. team of plastics experts will join with 
delegations of 20 other nations in Prague on October 
17 for a six-day meeting aimed at establishing new 
international specifications and tests for plastics. Fol- 
lowing SPE members are among the delegates: Dr. 
Gordon Kline, National Bureau of Standards, Dr. 
Norman Skow, Synthane Corp., G. H. Williams, Bell 
Telephone Labs, E. Y. Wolford, Koppers Co. 

Ralph M. Winters has been promoted to Technical Ser- 
vice Manager—Film for AviSun Corp. Winters for- 
merly worked for American Viscose and is a Duke Uni- 
versity graduate. 

Frederick T. Tulley has been promoted to the position 
of Manager, Sintrex Div., Amos-Thompson Corp., 
Edinburg, Ind. He will manage the new Amos Div. 
which will mold plastics by a new sintering process 
patented in Germany. 

Rober Fehr joins F. J. Stokes Corp. as a sales engineer 
in the Rochester, N. Y. office. 


The Newark Die Company has 
elected Nathan Miksch President. 


He has been associated with the 
company since 1945. 


Mr. Miksch 
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only Kaley 


meets every requirement 
in extruder cylinders 


1 ... because Xaloy bimetallic 
cylinders are available in all 
sizes, engineered to meet the 
individual requirements of 
plastics and rubber processors. 


... because the mirror-smooth 
surface of Xaloy liners allows 
maximum production, hour aft- 
er hour, in continuous service. 


... because Xaloy cylinders 
have proven to be the most 
advanced liners for extrusion 
machines over the past 25 years. 


WRITE FOR NEW XALOY DATA GUIDE 


INDUSTRIAL 
RESEARCH 
LABORATORIES 


Division of Honolulu.Oil Corp. 
961 East Slauson Ave 
Los Angeles 11, Calif 


A we 





SPE Publications For Sale 


= Regional Technical Conference Preprint Books 

Piastics in Business Machines—Binghamton Section, 8 
papers, $2.50 members, $3.75 non-members 
Plastics vs. Corrosion—Golden Gate Section, 10 paper 
$3.00 members, $4.50 non-members 
Blow Molding—Newark Section, 8 papers, $3.00 mem 
bers, $4.50 non-members 
Automation in Injection and Compression Molding— 
Ontario Section, 9 papers, $3.00 members, $4.50 non 
members 

MUEHLSTE/IN . Plastics in the Petroleum and Chemical Industries— 
North Texas Section, 8 papers, 63 pages, $2.50 mem 
bers, $3.75 non-members 

for New Horizons in Vinyls, and Plastics in the Shoe Industry 

—Eastern New England Section, 13 papers, $3.00 mem 
bers, $4.50 non-members 


Vi R G/ N ' Other Technical Conference Books Available 
SEC ONDA RY 7. 16th ANTEC Preprint Book- Volume VI, 1960, Chicag 
83 papers. $7.50 members; $12.50 Non-members. Single 
d REPROCESSED preprints of individual papers, Vol. Vi, while they last 
an $0.25 each, members; $0.40 each, non-members 
MOLDING PO WDERS . Stability of Plastics—Baltimore-Washington Section 
Nine 1000-word abstracts. $1.00 members; $1.50 non 
members (See program page 897, Oct. SPE Journal 
Plastics in the Shoe Industry—St. Louis Section, |! 
papers, $3.00 members, $4.50 non-members. (See pr 
gram, September SPE Journal, page 820 
Plastics in Packaging—Golden Gate Section, 12 paper 
$3.00 members; $4.50 non-members. (See program 
October SPE Journal, page 899 
Vinyl Plastics—Cleveland Section, 8 paper $2.50 
members; $3.75, non-members. (See program, SPE 
Journal, August, 1959 issue, p. 745 
Plastics Finishing—Buffalo Section, 4 papers, $2.00 
members; $3.00 non-member: See program, SPE 
Journal, September, 1959 issue, page 823 
Encapsulation, Printed Circuits, and Fluidized Bed Pro- 


s NYLON cesses—Northern Indiana Section, 15 of 23 papers pre 


sented. $3.00, members; $4.50, non-member 
program SPE Journal, April, 1959, p. 319 
e ACETATE . Plastics in the Automotive Industry—Detroit Section 
papers, $2.00, members; $3.50 non-members. (See pr 
° PO LYSTYREN = gram SPE Journal, May, 1959, p. 443 
NATEC Preprint Book—Volume |, 1959, Los Angel 


© PO a, ET H YL E N E 20 papers $5 00 members $7 50 non-member 


program, September SPE Journal, page 788 
eA.B.S. COMPOUND stracts on pages 815-817 
SPE Piastics Engineering Series 
* PO LY PRO PY LEN = 16. Vol. tl—*Processing of Thermoplastic Materials’’— 
E. C. Bernhardt, Ed., Reinhold Publishing Company 1959 


& BU TY RATE 705 pages, $14.40, members; $18.00, non-member 


Special Publication 
eVINYL 17. Plastics for Architects, Artists and Interior Designers—- 
by Armand G. Winfield. An illustrated survey of me f 
the best uses of plastics in the building and decorative 

fields. $2.25 


SP! individual members are entitled to SPE members’ prices under a 
reciprocal agreement. Books will be mailed postpaid if money is enclosed 


Please send me the Following SPE Publications: 
(The numbers of the books | wish are encircled below) 


] 2 3 4 5 6 7 8 9 10 
a 13 14 15 16 17 


Name 
REGIONAL OFFICES: 


Akron *BostoneChicagoe Los AngeleseTorontos London Adress 


City 
PLANTS AND WAREHOUSES: 
Akron @ Boston @ Chicago e Detroit e Indianapolis SPE Member SPI Member 


Jersey City eLos Angeles © Louisville NOT a member of either SPE or SPI 


11 OTHER DISTRIBUTION CENTERS THROUGHOUT THE COUNTRY Mail coupon to the Society of Plastics Engineers, Inc. 
65 Prospect Street, Stamford, Connecticut 
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These epoxy-glass cloth * 
of Hampden Brass Co., 
Hamilton Standard, Division of United Aircraft Corp., 


“Spinners” (see close-up at left) were made by Fiber Mold Division 
Springfield, Mass. Propeller assembly designed and manufactured by 
Windsor Locks, Conn 


“SPINNERS” OF EPOXY-GLASS CLOTH 


dampen vibration, maintain strength 
despite alternate icing and heating 


One of the outstanding features of epoxy resin glass- 
cloth propeller “spinners” now being used on Grumman 
Mohawk” 


service life. The epoxy-glass cloth “spinners,” 


airplanes is their predicted long, reliable 
which in- 
corporate molded-in wire element de-icers for the air- 
craft's propellers, possess excellent tensile strength and 
fatigue resistance—very important properties for a part 
that is subjected to severe vibration. 

In addition, the wire heating elements, that are lami- 
nated right in with the glass cloth and impregnated with 
BakELITE Brand epoxy resin-based compound, have ex- 
cellent electrical insulation. The strength-to-weight ratio 


of the “spinner” is high and production costs are sub- 
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stantially reduced. 

Here is another example that shows how BAKELITE 
epoxy resins possess the versatility, and physical and 
electrical properties necessary to meet exacting product 
requirements. For further information on BAKELITE 
Brand epoxies write to Dept. FF-132, Union Carbide 
Plastics Company, Division of Union Carbide Corpora- 
tion, 270 Park Avenue, New York 17, N. Y. 


UNION 
CARBIDE 


“BAKELITE” and “Union Cansipe” 
ire registered trademarks of 
Union Carbide Corporation 





SECTION 
NEWS 


New York 


Filament Winding Session 
In New York Reinforced 
Plastics PAC 


GEORGE LUBIN (Grumman Aircraft) 
The New York RPPAC met at the 


Candlelight Restaurant in Manhasset 
on September 28, 1960. It was at 
tended by approximately 90 members 
and guests 

The first speaker, James E. Fitz 
gerald of Brunswick 
Marion, Va., discussed the techniques 
in filament winding used by Bruns 
wick, particularly the Strickland “B” 


Process. This process has been used 


Corporation, 


in manufacturing several missile nose 
radomes including the Bomarc, the 
Kingfisher and the Tartar 
aircraft radomes for Convair 106 In 
terceptor Republic Advance 105 
Chance Vought F8U and Grumman 
Intruder A2F 

Mr. Fitzgerald 
slides illustrating the complex equip 


as W ell as 


showed numerous 
ment required for this process and 
the many steps used during the wind- 
ing operation. The largest part that 
can be made at present is up to 5 feet 
in diameter and 12 feet in length. The 
grinders used to finish the surface are 
OOL” 


capable of accuracies within 
using an interferometer the 


and by 
radomes can also be ground to a 
thickness 
shown listing electrical, thermal, and 
properties of filament 
Fitzgerald then 


dielectric Slides were also 
mec hanical 
wound radomes. M1 
discussed advantages and disadvan 
tages of this process 

The second speaker, one of the 
pioneers in filament winding, Mi 
Richard E. Young of Hercules Powder 
Company, described the Young proc 
ess for filament winding. An outline of 
his ideas is presented below. 

The fundamentals of the filament 
wound pressure cylinder were re 
viewed. The original balanced netting 
structure was developed in 1947-1948 
utilizing a single helical winding sys 
tem, which simultaneously formed the 
retained ap 


evlindrical vessel and 


propriate end closures 
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In 1954-1955 the ovaloid end con 
cept was developed This is a winding 
system comprising two components 
One is of a low helix angle carrying 
the longitudinal 
the integral end closures of the cylin- 


loads and forming 


der as well as carrving a small com- 
ponent of the girth load. The second 
consists of 


member of this svstem 


circular which carry the 
remainder of the girth load. The in 


tegral ovaloid end closure Is SO termed 


windings 


because its profile is not a common 
geometric shape and is the profile 
specifically required by a given net 
ting pattern in the end windings so 
that the entire internal pressure is 
resisted by pure tension in the fila 
ment system. In considering this struc- 
ture as a true netting structure, no 
structural dependence is placed on 
the resin neither is there any sec 
ondary bending or shear loading in 
the system 

The geometry of the above de- 
scribed system was illustrated by a 
slide and reference was made to more 
detailed development of the netting 


svstem in 


l HISTORY AND POTENTIAL 
OF FILAMENT WINDING 
THE ENVELOPE EFFICI- 
ENCY OF COMMON FILA 
MENT-WOUND SHAPES 


Specific performance figures were 
discussed as were component mate 
rials and general details of the process 

Among those present were many 
well known figures in the plastics field 
including Hi Nathan, National Vice 
President; Bob Brinkema, the 
izer and first president of the N. ¥ 
Chapter; and Doctor Modigliani, a 
pioneer in the glass filaments. Also, 
there was Larry Wittman, Frank 
Nussbaum, Carl Lemonier, and Mal 
Riley 


organ 


Connecticut 


New Applications for 
Polycarbonate Resins 


K. G. Clarke (Du Pont) 


The Connecticut Section held its 
first meeting of the year on Septem- 
ber 9 at the American Brass Country 
Club in Naugatuck. 

The guest speaker of the evening 
w’ Mr. R. J. Thompson, Manager of 
Pr =rbonate Market Development 
General Electric Company, Pittsfield, 
Massachusetts. Mr 
cussion concentrated on commercial 


Thompson's dis- 


applications of “Lexan”, General Elec- 


} 


tric’s new polycarbonate resin. The 


excellent combination of mechanical 
good 


and electrical properties and 


temperature resistance of “Lexan” 
make it a good candidate for many 
industrial applications: business ma- 
chine components, pump impellers, 
transfer clips, appliance 
sight Mr. Thompson also 
pointed out that polycarbonate makes 
an excellent photographic film base, 
and that a major producer of photo 


graphic equipment will introduce this 


telephone 
glasses. 


product very shortly. 

The very active question and answer 
period which followed hit primarily 
on price and processing techniques 
Mr. Thompson indicated that a pric 
below $1.00/pound was likely in the 
forseeable future 

Mr Harlan Fisher Watertown 
Manufacturing Company, Watertown 
Connecticut, announced that the Club 
will hold a Ladies’ Night this year 
probably in December 

Mr Ralph Rockwell 
Manufacturing Company, Bridgeport 
who is Program Chairman announced 


Esposite ), 


the program and speakers for the en 
tire coming yea! 


Bartlesville-Tulsa 
Plastics in India 


A. L. Robbins (Phillips Petroleum Co.) 


lhe first tneeting of the year, which 
was held on September 13, featured an 
outstanding program. The after-din 
ner speaker, Mr. C. B. Garware, in a 
talk entitled “The Plastics Industry in 
India” stimulated a great deal of in 
terest in India’s latest efforts in the 
field. He discussed in detail the spec ial 
problems encountered in India as well 
as the potential for future growth of 
plastics in India. He pointed out that 
very high quality molded and extruded 
parts are being made in India today 
Also, a few resins are manufactured in 
India now and they hope to begin 


manufacturing their own processing 


equipment in the near future. 

A long question and answer _—~ 
following Mr. Garware’s formal pre 
sentation gave evidence of the interest 
he generated in his country’s industrial 
development 

Mr. Garware is a Director and Tech 
nical Coordinator of the Garware 
Plastics Company in Bombay, India 
He is in the United States to learn 
more of our plastics and equipment 


Newark 
Injection Molding 


R. E. Christensen (Union Carbide Plastics Co.) 


A symposium on injection molding 
was presented at the September 14th 
meeting of the Newark section. Im- 
proved mold filling techniques which 
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have received wide interest in the in- 
dustry were outlined in three excellent, 
informative talks 

Mr. Lloyd Alexander of the Phillips 
Chemical Co. Plastics Division dis 
cussed multigating and its advantages 
A number of pieces with recommended 
gating arrangements were shown by 
means ot colored slice s 

Mr. Cliff Weir of the W. R. Grace 
and Co. Polymer Chemical Division 
discussed valve gating with high den- 
sity polyethylenes to obtain fast mold 
filling 

Mr. Judd Decker, Vice-President 
of Bopp-Decker Plastics Inc., de- 
scribed sequential impact molding 
which was developed to permit the 
molding of thin-walled pieces. Mr 
Decker also showed a spec ially de 
signed internal nozzle heater used to 
accurately control heat to the material 
and prevent “freezing off” in hot 


runner molds 


Blow Molding RETEC 


Blow Molding Comes of Age” is 
the title of the RETEC which the New 
ark Section is presenting on November 
18, 1960 at the Essex House in New 
ark, N. ]. Bob Hoehn, Chairman of 
the RETEC Committee, reports that 
an outstanding group of blow molding 


experts have submitted papers 


North West Pennsylvania 


Modernization of 
-Equipment 
Lloyd Engiish (Louis Marx & Co., Inc.) 


A dinner meeting was held on 
September 22. The meeting was called 
to order by George Schau, Vice Pres 
ident, and was attended by 33 mem 
bers and 5 guests 

rhe speakers of the evening, intro 
duced by Cliftord Scantlebury, were 
Mr. Robert Watkins, District Engi 
neering Manager, and Mr. Frank 
Moore, District Representative of th 
Bellows Air Valve Company 

Mr. Watkins gave an _ interesting 
background review of economic fac 
tors affecting our foreign competition 
pointing out the urgent need for 
greater depth of modernization and 
automation of our industry, particu 
larly on the manufacturing or fabri 
cation level, as one important means 
of meeting this competition. 

Mr. Moore followed up with an 
informative discussion supplemented 
by color slides of specific practical 
applications of air hydraulic systems 
used to automate manufacturing op- 
erations and increase productivity ot 
older slower machines. 


(Continued on page 1267) 
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for PLASTICS...specify 
the PROVEN temperature 
instrumentation-by WEST 
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® Complete selection of Controllers to 
suit Individual Requirements in Ex- 
trusion, Injection Molding, Blow 
Molding, Vacuum Forming and 
Heat Sealing. 


® Compact, solid state, free from 
vacuum tube-problems, minimum 
supervision or maintenance. Specify 
on Original Equipment or purchase 
directly. 











MODEL JP series provides proportioning heater 
control. 

MODEL JPT-2 integrates control of both heating 
and cooling for frictional heat in extrusion. 
MODEL JSB series provides stepless heater control 
within extremely close tolerance; especially appro- 
priate for extrusion die or injection nozzle control. 
THERMOCOUPLES — complete selection of stand- 
ard Thermocouples—inciuding melt, bayonet, com- 
pression types preferred in working plastics—or 
send us your specifications on specials. 

Ask your West represeniative (see Yellow Pages) or 
write direct for Bulletins JP, JT, JSB and Thermo- 
couple Data Book. 


WEST luhernen/. 


CORPORATION 


SALES OFFICES IM PRINCIPAL CITIES 


SS A 


43598 W. MONTROSE, CHICAGO 41, ILL. 


British Subsidiary 
WEST INSTRUMENT LTD 
52 Regent St., Brighton 1, Sussex 


Represented in Canada by Davis Automatic Controls, Lid 
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Ko0p yout 
PRODUCTS, | 
youu 


HARCHEM SEBACATE PLASTICIZERS 


Keep your vinyl products from showing their age in use and they'll keep 
building good will and good volume for you. 

Harchem Sebacate Plasticizers give vinyls built-in resistance to heat, cold, 
water or physical abuse. 

Harchem offers four Harflex Sebacic Acid Esters. Check the list below for 
the one best suited to fight aging, weathering and wear for you. 


i vinyl C H “ , ; Excellent Solvation, Very 
Dibenzy] Polyvinyl Chloride and Copolymers, eg hag 


Sebacate Polyvinyl Butyral, Synthetic Rubbers ental my Sim sor 
Low Temp. Flexibility 
Dibutyl 0.935 Vinyl Resins, Cellulose Acetobutyrate, — ae. beng ser : 
Sebacate Synthetic Rubbers, Rubber Hydrochloride, | Nos toxic — 
Polymethy! Methacrylate 
Dimethyl! 0.986°* Vinyl Resins, Synthetic Rubbers, High Solvency — << 
- ~ , - crency, ide ompatidility, 
Sebacate Cellulose Nitrate, Cellulose Acetobutyrate, | Concentrated Source of 
Acrylic Resins Sebacyl Radical 
Dioctyl 0.913 7. Polyvinyl Chloride and Copolymers, ho ag — Fea _ 
. ~ ns flity, LOW Olatilicy, Ex 
Sebacate Polyvinyl Butyral, Synthetic Rubbers, catateet Teieinen “Gi mates 
Cellulose Nitrate, Cellulose Acetobutyrate | ance, Good Electricals 




















*30°/20°C 


WRITE FOR SAMPLES AND BULLETIN 


eas THE KEY TO HARCHEM DIVISION 


WALLACE & TIERNAN, INC. 
25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 








IN CANADA: HARCHEM LIMITED, TORONTO 
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Eastern New England 
New Officers Elected 


D. V. Rosato (Raytheon Co.) 


The following new Officers have 
been elected by the Eastern New 
England Section: 

President, A. I. Simon; Vice-Pres- 
ident, H. C. Cookingham; Treasurer, 
Dr. R. Ehlers; Secretary, M. Axelrod 


Simon, new President of 
Eastern New England Section. 


lea 
Gim Fong, retiring President of 
Eastern New England Section. 


Other posts filled are as follows: 
National Councilman, R. L. Mondano; 
Board of Directors, G. P. Fong, M 
Axelrod, H. C. Cookingham, G. 
Dougherty Dr. R. Ehlers, A. Mas- 
cerelli, |. Parker, D..V. Rosato, A. I. 
Simon, J. Stewart, J. Truitt 

Mr. Fong, member of the Board 
of Directors, above, is the retiring 
President of the Section. 


Central Ohio 
Talk on Russia 


Richard B. Sharpe 
(Westinghouse Electric Appliance Co.) 


This Section held its annual Ladies’ 
Night program which serves as a 
kickoff for the coming year’s activi- 
ties. The speaker was Mr. Emest 
Fritsche, Columbus businessman who 
related experiences of his recent 30- 
day visit to Russia. 
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WET OR DRY 


The WORKHORSE CATALYST 
for POLYMERIZING 
SYNTHETIC RESINS 


Sue idol benaoul Thnovide 


In dry form, Lucidol Benzoyl Peroxide 
has long been the quality standard of the industry. 
It is available, for those who prefer it, in wet 
form (20-25% water). The peroxide net weight 
per package is the same. The applications are 
identical — polymerization of vinyl acetate, vinyl 
chloride, vinylidene chloride, methylmethacrylate, 
styrene and unsaturated polyesters — and for 
copolymerizations of the same monomers. 


Write for Data Sheet or Consult 
Chemical Materials Catalog 
Page 179 for further data. 


LUCIDOL DIVISION 





WALLACE & TIERNAN INC. 
1740 MILITARY ROAD 
BUFFALO 5S NEW YORK 





ate NG. 


HOPPER DRYER and new combination JET HOPPER LOADER 


increases your production ... soon pays for itself in savings to you! 


Dries and preheats mate Easy installation in a More production because Less material handling New Jet Loader mainta 


t than with matter of minutes on any of properly ntrolled with increased hopper ca preheated condition of ma 


nal drying oven standard machine conditioning of material pacity, no oven handling terial. No compressed a 


For complete information write today. THORESON-McCOSH, Inc., 18208 W. McNichols, Detroit 19, Michigan, KEnwood 1-4700 


Florida North Texas Philadelphia 


Florida Leads in 
Membership Drive 


Personnel Selection Foamed Plastics 


George R. DeHoff (Du Pont) 

PI Ernest Dourlet (Cadillac Plastics Co.) , 
Jack Grosscup (Modern Plastics Co The Philadelphia Section began its 
new season September 27. the first 


section meetings will be held on Dy Hilton D Shepherd spoke at 
the third Monday of each month at 


Betty's Restaurant on Biscayne Boul 
vard. SPE members from other Se« 


hl a © meeting since the very successful June 
the monthly meeting of this Section golf outing. President Bob Conwell 


on September 19. Di Shepherd has welcomed over 100 members and 


tions who may be vacationing or liv served as a private consultant to many their guests to an excellent program on 
ing in Miami are cordially invited to industries and discussed personnel Foam Technology and Applications * 
ittend Florida Section meetings selection as a management tool Following last year’s very successful 
Highlights of the meeting of Sep “panel” type meeting 
=. three speakers were on 


Presentation of a plastic Aqua ’ — Fr hand. Dr. J. Wilson of 


Table to Mr. Al Greenblatt as First oa Atlas Powder Co dis 
Prize in the Inter-Section Member a cussed Rigid Urethane 
ship Drive. Florida Section is lead ai Mr. H. Huking of Dow 


ing in National membership drive Chemical Co. discussed 


mber 9, 1960 were 


polystyrene foams and M1 
R Blomquist, Chairman of 
the meeting, concluded 


vith a 17.9% increase 
2) Dr. David H. Richman’s offer to 
lit and publish a monthly section 
wsletter 
3) Showing of the Bell relephone 


(Company s film Tools of Tels phon 


the series with a discus 
sion and film on flexiblk 
urethane foams and _ their 
catalysts 

f Dr. Wilson explained 
SPE on the air. Here Bob Craft, and demonstrated how 
left, Fort Worth, PR man and rigid urethane foams ar« 
executive secretary of the North made and described thei: 
Texas Section, interviews Dave E properties and uses. These 
Daniels, Section Vice President, >, closed cell foams have 
over a Fort Worth radio station found many applications 


ng 
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especially in areas where their low 
density and excellent thermal insulat- 
ing properties can be used. 

Mr. Huking reviewed the develop- 
ment of polystyrene foam from _ its 
first commercialization during World 
War II, when it was used in Navy 
life rafts, until today, when it is being 
used in many different areas, particu- 
larly insulation and packaging. 

Mr. Blomquist concluded. the series 
with a discussion of the flexible, o1 
open celled, urethane foams and the 
catalysts used in their manufacture 
Urethane foams are literally expanding 
with cushioning 
Their 


all over the world 
being one of the major markets 
remarks were followed by a_ film 
describing the process used to make 


flexible urethane foams 
Pioneer Valley 


Rubber in the Plastics 
Industry 
J. R. Johnston (Foster-Grant) 


After a brief summer 


Pioneer Valley Section began the new 


respite the 


season with a dinner and informative 
talk by Mr. Otis Bear of the Goodvear 
Tire and Rubber Company on “Rub- 


ber in the Plastics Industry” 


In general synthetic rubber is made 
through the emulsion polymerization 
of butadiene and styrene with suitable 
catalyst and arrestors in either a con- 
tinuous process or a batch process. A 
heavy slurry is produced which is 
washed and dried resulting in flakes or 
crumbs of synthetic rubber. These are 
then compression packed into bails for 
shipment. By varying the temperature 
of polymerization and varying the 
additives, three different characteris- 
tic rubbers are produced; hot cold, 
Most of the rubber 
used in plastic $ 18 cold rubber bec ause 
of its better finish and workability. 


and oil extended 


Discussion centered around many 
of the difficulties rubber users incw 


Some of these problems are as follows 


Supply snvthe ti rubber In pal 
ticle size to eliminate the chop- 


ping or grinding stage, 


Removal of the excess of arres 
tors or short st p which hinder 
the quality ot plastic when pro- 


COSM d 


Reduction of cure time in rub 
ber based materials to facilitate 


myection molding 


great deal of work is 
these 


Although a 
being done on problems only 


moderate success has been obtained 


Size and separate your materials the modern way 
with these rotary motion Simon-Carter machines 


The rolary motion principles employed in Simon-Carter machines are far more 


efficient and accurate than flat surface 
separating, pockets or indents are used. For thickness or width si 


screening methods. For length sizing or 
ing or separating, 


perforated cylinders (that stay clean) are used. All machines are compact in relation 


to capacity, and are of all-metal construction. Write today for com 


plete information 


and descriptive booklets. Free laboratory testing and demonstrating service. 


CARTER DISC SEPARATOR 
Unexcelled for accurately separating 
and sizing free-flowing granular ma- 
terials by length differences. 





CARTER PRECISION GRADER 
Separates and sizes free-flowing 
granular materials by thickness and 
width differences. 





695 19th Avenue N. E, 
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Rochester 


Plastics on the West Coast 


D. L. Messenger 
(Stromberg-Carlson Div., General Dynamics) 


The first fall meeting of the Roch- 
ester Section was held at Logan’s on 
September 12, 1960. 

Speaker of the evening was Mr. 
Nelce Taylor of Tennessee Eastman 
Chemical Company, his subject, 
‘Plastics on the West Coast”. Mr. Tay- 
lor, having been located in Rochester 
some years ago was well known to the 
group and many interesting and hum- 
orous situations from the past were 
brought up. His chosen subject proved 
very interesting and I believe all pres- 
ent were somewhat relieved to hear 
that in Mr. Taylor’s opinion the mold- 
ers on the west coast have not de- 
veloped any revolutionary molding 
techniques, this being somewhat in 
contrast to rumors occasionally heard 
in this area. Mr. Taylor's talk was fol- 
lowed by the usual question and 
answer period. 

There were 60 members and guests 


present 
i 


CARTER SCALPERATOR 
Coarse materials are carried over 
the top of a rotating wire mesh 
screen. Fine materials are drawn 
out by suction. The Carter Scal- 
perator is used for cleaning 
material as it is shipped or re- 
ceived. Another all-rotary- 
motion machine. 








WRITE FOR COMPLETE 


INFORMATION 


SIMON-CARTER CO. 


Minneapolis 18, Minnesota 














Successful end results | 





~ 15 4 , 4 : » ; ~“ 
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METALLIZING OF PLASTICS 


Harold Narcus, Reinhold Publishing Corp., 
New York, Published 1960. 208 pp. $5.50. 


Here is a good book, one of the few 
that are technically informative with- 
out being technically deep and com- 
plex. It is excellent for readers who 
want to find out how one or more 
metallizing processes are performed. 
It discusses each process in turn— 
describing the necessary equipment 
and the proper techniques of opera- 
tion. And it is aimed squarely at the 
man with little metallizing experience 
who has to actually supervise a metal- 
lizing operation. It is a fine general 
training manual 

Mr. Narcus is obviously an expert 
in this field. His writing is full of 
practical helping hints and comments 
—simple for the man with experience 
but unknown to the newer entrant. 
For example, “an aluminum filn 
2 to 3 millionths of an inch will com 
pletely conceal the color of the basis 
material”, and “the cost of vacuum 
stock 
. 5 to 8 cents square 


metallizing (such) sheet 
varies from 
foot.” Surely, other experts will dis- 
agree with some of his comments—in 
this industry no one is always sure or 
right—but the book isn’t written for 
them. The 


qualified opinion is better than hedg 


many who feel that a 


ng oF polite silence, and who need 
that opinion in their work, will find 
it in this book. Mr 


commended for talking to his readers 


Narcus is to be 


on a useful, practical level 
Illustrations and diagrams are ade 
There 


are some typographical errors, includ- 


quate in number and quality 


ing a few of a technical nature. The 
book is short (198 pp. text); espe- 


cially so, considering the many pic- 


tures and the small pages (5” x 7-%”) 
However, it is so full of facts and 
comments that one must read quite 


slowly to understand it. 


Allan L. Griff 
Union Carbide Plastics Co 
Technical Service 


POLYTHENE 


(The Technology and Uses of Ethylene Poly- 
mers) 2nd Edition. Edited by: A. Renfrew and 
Phillip Morgan, Interscience Publishers, Inc., 
746 pp. $25.75. 


The second edition of “Polythene” 
like the first is a 
chapters on various aspects of the 


collection of 


manufacture, properties fabrication, 
and uses of polyethylene written by 


recognized authorities in their fields 


The new edition is larger by four 
chapters and 200 pages, is better or- 
ganized, and is significantly broader 
in coverage. Most of the original chap- 
ters have been rewritten, duplication 
has largely been eliminated, and the 
book now includes a vast amount of 
information on high-density polveth- 
ylene. For example, good descriptions 
of three of the more important proc- 
esses for the manufacture of high 
density polyethylene are given. A 
chapter containing an excellent dis- 
cussion of the kinetics of ethylene 
polymerization by the Zeigler cata- 
lysts has been added, although nothing 
could be found on the kinetics of the 
Phillips or Standard Oil of Indiana 


p! ocesses. 


Other important additions include 
an excellent chapter on ethylene co- 
polymers and blends, two chapters on 
packaging outlets other than film, a 
chapter on vacuum forming and one 
Major 


made in the 


on the reprocessing ot scrap 


revisions have been 
chapters on irradiation, general me- 
chanical properties and low molecular 


weight polyethylene 


“Our BIPEL 


-Preform Rate 
jumped from 
1900 to 3300 
per hour!” 


So reports General 
industries Co., Elyria, 
Ohio yn their new 
BIPEL Horizontal 
Hydraulic Preformers. 
Leading producers 
everywhere are praising 
se faster, more 
its. Are you 
ximum 
rite for 
nformation 


Demonstrations and Services at Tiverton 


B.1.P. Engineering Ltd. Sutton Coldfield, Englond 


RALPH B. SYMONS ASSOC., INC. 
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NEW 
BOOKS 


With very few exceptions the vari 
ous authors have provided numerous 
references, while tables, graphs, and 
photographs are used liberally. The 
book is very well indexed, both by 
subject and by author, and appears 
to be remarkably free of typographi- 
cal errors. Although the price is high, 
this reviewer was most favorably im 
pressed, and believes that “I olythene” 


should be 


( oncerned 


very useful to anyone 


with this important and 
rapidly-growing plastic material. 

E. E. Lewis 
Du Pont Co 





COMPRESSION - TRANSFER PRESSES 
HORIZONTAL HYDRAULIC PREFORMERS 


3571 Main Road, Tivefion, & | 





PLASTICS 
AROUND 
THE WORLD 


This month’s column has been made possible 
through the contributions of these abstract 
ers 


Alexander Baczewski (L’Officiel des Matiéres 
Plastiques and Pensez Plastiques) 


Geza Gruenwald (Kunststoff-Rundschau) 


R. George Hochschild (Kunststoffe and July 
Kunststoff-Rundschau) 


Alfred L. Alk (Poliplasti 
T. Wold (Plastic) 


J. B. Wolheim (Tworzywa Guma Lokiery 


France 


L’OFFICIEL DES 
MATIERES PLASTIQUES 


JULY-AUGUST 1960 
Non-Supported Films—pp 556-559 
resin ire extruded 
floating upon 


Solutions of 


and then dried by 
or salts. This process 


glossy surfaces and a 


molten alloys 
ensures 
minimum of stresses. Vinyl film 
from plastisols. Poly- 
(vinylalcohol) solutions have to 
be gelled drying. Many 
phenols and various dyestuffs are 
purpose. Methyl 
methacrylate is polymerized in 
molds under exclusion 


of air. (33 refs.) 


are made 
before 
used for this 


plate glass 


Polymers Containing Silicon—pp 
565-570 

A list of 323 French patents from 

1946 to 1957. (To be continued.) 


PENSEZ PLASTIQUES 


MAY 1960 
(Special issue #82) Proposed Ac- 
ceptance Specifications for Poly- 
ethylene as Used for Pipes—pp 
61-65 
The resin will be tested as to tea 
elasticity, 
MEK, dispersion of 
meltindex and spe- 


strength and stress- 
cracking in 
carbonblack 


cific gravity 
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(Special issue #192) Report from 

Expomat—pp 14-18 
The Exhibition of Building Mate- 
rials in Paris (EXPOMAT) has 
shown many contributions of the 
plastics industry. Polyester panels 
set in epoxy mortar and neoprene 
gaskets find a ready market. Ex- 
panded polystyrene, one side lam- 
inated to corrugated aluminum 
and the other to asbestos board, is 
used for curtainwalls. Roofs are 
fabricated from rigid PVC, sky- 
lights from acrylics. A cinderblock 
having a plastic face has been 
shown. PVC pipes and vinylclad 
coppertubing are used to replace 
lead and iron 
A Self-supporting Window Made 

of Plexiglas—pp 20-21 
Windows of the “French” type are 
molded in one piece, their frame 
using a new boxl'ke design. They 
weigh 15 pounds only and swing 
into the apurtment for easy clean- 
ing 

FIRST QUARTER 1960 

(Special issue #187) Entire issue 

devoted to packaging 
This is a special issue devoted to 
packaging. Illustrations show e.g 
foamed polystyrene for dates and 
for perfume bottles, polyethylene 
for bananas, cellulose 
boxes for candies and for orchids 


acetate 


(Special issue #195) Plastic Pack- 
aging and the Preservation of 
Apples and Pears—pp 25-28 

An amply documented treatise on 

the influence of the permeability 

of a plastic film upon the keeping 
qualities of various kinds of pears 
and apples. Almost every variety 
of fruit prefers another equilib- 
rium of moisture and atmosphere, 
and a film should only be recom- 

mended for the packaging of a 

fruit after exhaustive testing. 

The Shaping of Plastics by Ma- 
chining—pp 29-32 

A description of tools which are 

used for the machining of plastics 

and their modes of « peration. De- 
tailed recommendations for the 
shaping of rigid PVC, Plexiglas, 

Nylon, Teflon, and Fel-F follow 

The importance of the thermoplas- 

ticity for success and failure of 

machining is amply stressed 


Germany 


KUNSTSTOFF- 
RUNDSCHAU 
JUNE 1960 


Reports on Two Outstanding Ger- 
man Fairs—21 pages 


The reports (21 pages in this is- 
sue) on the Hannover German In- 
dustry-Fair and the Duesseldorf 
Interpack (International Packag- 
ing Fair) should be pointed out to 
readers who are interested in the 
latest European developments of 
the plastics industry. 


JULY 1960 


Structural Components Containing 
Styropor Expanded Plastics—pp 
317-20 

The article illustrates the use of 

styropor, the expanded polystyrene 

produced by BASF as a material 
of construction. The paper contains 
data on the general properties of 
three types of styropor and quanti- 
tative data concerning the proper-’ 
ties of various structural compon- 
ents and parts which contain, as 
part of their composition, various 
types of Styropor. Discussed are 
plates made from lightweight ag- 
gregates, panels used for insulation 
in flat roof construction and panels 
used for outside curtain walls 

Eleven illustrations indicate the 

extensive use to which the ex- 

panded plastic has been put in the 
architectural field. 


Applications for Room Tempera- 
ture Curing Expanded Thermo- 
sets—pp 323-25 

ISOSCHAUM, a room temperature 

curing urea-formaldehyde ex- 

panded thermoset, produced by 

Schaum-Chemie W. Bauer AG, has 

been tested for six years for use 

as an insulation material for fuel 
gas conduits. Details on the mech- 
anical properties and the vibra- 
tional characteristics are presented 

A number of illustrations show the 

burning characteristics of the ma- 

terial. The paper describes further 

a method of installation of in- 

sulated gas pipes surrounded by 

the foam and expanded metal 
lattices. 


Thermoforming Applications from 
Polypropylene Sheets—pp 313- 
319 

The method of forming small, thin- 

walled containers is described 

Polypropylene sheets, made from 

the lightest of all thermoplasts 

which is hard but brittle, possess 
excellent gloss and excellent form- 
ing properties, surpassing even 
low pressure polyethylene sheets 

Containers made from _ polypro- 

pylene shrink considerably less 

than those made from low pressure 
polyethylene. The transverse and 
parallel shrinkages are equal. This 
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enables the fabricator to work with 
smaller final tolerances. The paper 
contains many illustrations de- 
scribing the various applications 
possible with thin-walled, thermo- 
formed containers made from poly- 
propylene. It further contains many 
practical hints on the preparation 
of such pieces. Three methods of 
vacuum forming polypropylene 
sheets are described: (1) the 
straight method of vacuum form- 
ing, (2) the drape method without 
mechanical prestretching, and (3) 
the plug method with mechanical 
prestretching. 


KUNSTSTOFFE, Vol. 50 


JULY 1960 


Reinforced Ziegler Polyethylene 

Pipes—p 371 
Thermoplastic materials can be 
reinforced or strengthened by sub- 
jecting them to stretching at ele- 
vated temperatures. This charac- 
teristic has so far only been utilized 
in the field of synthetic fibers and 
film. The present article deals with 
a new whereby Ziegler 
polyethylene pipes are biaxially 
stretched and thereby strength- 
Such pipes have twice the 


process 


ened 


creep strength of ordinary pipes 
made of the same material and 
thus require to be only half the 
wall thickness. 


Chemical Reactions of Polystyrene 
—p 375 
Polystyrene is a fairly unreactive 
polymer. It is however possible to 
carry out a series of substitutions 
under certain conditions, followed 
by further reactions. Such poly- 
styreme derivates have sometimes 
proved useful for practical pur- 
poses. By reaction with iodine and 
subsequent substitution of the 
iodine by lithium, one obtains 
poly-p-lithium styrene, a substance 
which is extremely reactive and 
can be converted into a number 
of interesting derivates of poly- 
styrene. Finally, the author dis- 
cusses a number of reactions in- 
volving polystyrene which can be 
used for making graft polymers. 


Mechanical Strength of Polyester 
Mouldings in Relation to Curing 
Rate and Type—p 388 

In the production of glass fiber/ 

polyester laminates by the hand 

lay-up process, the vacuum method 
or cold moulding one is restricted 
to cold setting. This paper deals 
with the question as to how maxi- 


BENZOYL PEROXIDE 
LAUROY L PEROXIDE 
2, 4 DICHLOROBENZOYL 


PEROXIDE 


TERTIARY BUTYL 
HYDROPEROXIDE 


METHYL ETHYL 


KETONE PEROXIDE 





Prompt Shipment from Warehouse Stocks in Principal Cities — 





Distributed by 
CHEMICAL DEPARTMENT 
McKesson & Robbins, Inc. 
Dept. SJ, 155 East 44 Street 
New York 17, New York 


Manufactured by 


(¢ CADET 


CHEMICAL CORP. 
Burt 1, New York 











representative will be pleased to call and talk | 


ys A local McKesson & Robbins Chemical Department mS i] 
J 
Now! over your Organic Peroxide requirements. y 
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mum mechanical strength can be 
attained in relation to the catalyst 
system and curing time. The results 
of the experiments show that final 
tempering exerts a considerable 
influence. 

Behavior and Properties of PVC 

Floor Coverings—p 417 

The common brands of PVC floor 
covering are classified according to 
their behavior in use in order to 
enable both the architect and the 
user to make the best possible use 
of these materials. The individual 
properties of the floor coverings 
examined were determined using 
standard test methods. 


Poland 


TWORZYWA GUMA 
LAKIERY 
APRIL 1960 
Determination of the Structure of 
Polyethylene by the Use of 
Infra-Red Absorption—(authors 
Teresa Biernacka and Barbara 
Kontnik) 
In a series of three articles the 
authors discuss the use of infrared 
methods for the determination of 
branching, unsaturation, and the 


This P.H.1. 20 Ton 
model is ideal for... 
RESEARCH... 
TESTING... VOLUME 
PRODUCTION OF 
SMALL MOLDED ITEMS 
IN RUBBER OR 
PLASTIC. Write for 
complete information. 


PH: 


~ ______ PASADENA HYDRAULICS, INC. 
1432 Lidcombe, El Monte, Calif. [ PRESS | 








AN DUGTioN HEATED 


YOU ASKED FOR I! 
WE PIONEERED IT! | DIES 
or On Stream production 


p —TROUBLE-FREE 
Address inquiries to 


“HIGH SPEE 


INDUCTION HEATED DIES 
HEAT— 
HALE AND KULLGREN INC. 


613 
E. TALLMADGE AVE., AKRON, OHIO 


fied with conventional 


gate! We will be glad 
Aetna-Standard Division 


for the production of 
BLAW-KNOX 


for coating and laminating. 


if you are not satis 
dies, yOu should investi 
to quote on proven dies 
free film, blown film or 














degree of crystallinity in poly- 
ethylene. Illustrations are given of 
infrared absorption spectra in 
various regions of different samples 
of polyethylene. The authors dis- 
cuss the absorption bands of poly- 
ethylene which had been exposed 
to ultraviolet light. The absorption 
bands of polyethylene samples in 
various molecular weights are also 
given. 

The article also describes a de- 
tailed method for the determina- 
tion of the degree of crystallinity 
in polyethylene by infrared absorp- 
tion. The degree of crystallinity is 
calculated from the ratio of infra- 
red absorption at 7.625. of a poly- 
ethylene sample at room tempera- 
ture to its maximum absorption 
value near the melting point. The 
article publishes a list of the degree 
of crystallinity calculated by this 
method for various samples of 
high pressure and low 
polyethylene 


pressure 


The method of infrared absorp- 
tion is also used for the determina- 
tion of branching. This is done by 
calculating the intensity of infra- 
red bands characteristic of CH 
groups and CH, groups. The au- 
thors describe in detail how this 
method was used in measuring the 
degree of branching in domestic 
and foreign samples of polyethy- 
lene 
Determination of the Molecular 

Structure on the Properties of 

the Polymer—(author—Maria 

Gorska) 

The author discusses the moleculat 
structure of polyethylene such as 
chain 

methyl! 


length, branching, and 


groups. These properties 
will effect the degree of crystal- 
linity of the polymer 

The article describes briefly the 
various methods used in determin- 
ing the degree of crystallinity of 
polyethylene. These methods are 
X-ray diffraction, infrared absorp- 
tion, and microscopic analyses 
Included in this article is a tabl 
comparing the physical propertie: 
of high density and low density 
polyethylene. A graph is also pre- 
sented indicating in a polymer the 
relation between the general prop- 
erties, type of polyethylene, aver- 
age molecular weight, and degree 
of crystallinity. 
Denmark 


PLASTIC 
APRIL 1960 
Danish Production of Polyethylene 
-pp 96-99 


Maersk Refinery in cooperation 


with Imperial Chemical Industries 
Limited in England will start pro- 
duction of polyethylene in Den- 
mark. When the new plant is ready 
in a couple of years it will employ 
approximately 200 men. It will 
cost in the neighborhood of 12 
million dollars which is divided 
equally between Maersk and I.C.I 
The name of the new undertaking 
will be Danbritkem A/S and the 
capacity will be 15000 toms per 
year which is about three times 


the Danish import up until now 


Polyethylene Oil Can—p 122 
The article reports abuse of jerry 
cans made from polyethylene to 
carry spare gasoline in the baggage 
compartment of cars. In some cases 
gasoline vapours filled the com- 
partment and in other cases on hot 
days the jerry can would split 
open. The editor wants the author- 
ities to take steps to prevent such 
mis-use of plastic materials 
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r your finishing 
operations 


ACROLEAF® 
Hot Stamping 
Machines 


accomplish the 
QUICK Color Mark- 
ing and Decorating 
Operations on your 
molded and fabrica- 
ted plastic parts and 
products. 


@ Plenty of open area 
for work and stand- 
ard or special fixtures. 


Widely adaptable. Semi- 
Automatic. 


Electroni trols. Power 
from your shop air-line. 


Automatic tape feed. 

@ No protruding 
parts. 
Multi-color work can 
be handled. 
Well engineered scien- 
tific construction. 
Low price and perat- 
ing cost. 





co 


MPANY 


ACROLEAFO 
Model 250 


Write today for Cata- 
log S4HS with Price 
List. Send details of 
your need for Engi- 
neer’s assistance. 


“PLASTIC MARKING 
PIONEERS” 
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TECHNICAL 
MEETINGS 
CALENDAR 


17th ANTEC 


Annual Technical Conference—January 
24-27, 1961, Shoreham and Sheraton 
Park Hotels, Washington, D.C. Sponsored 
by the Baltimore-Washington Section 
General Chairman: Dr. Gordon Kline, 
Nationc! Bureau of Standards, Washing 
ton, D. ¢ 


—-—- 1960 RETECS - 


November 7—Automation in Injection 
and Compression Molding, Ontario Sex 

tion King Edward Sheraton Hotel, 
Toronto. Chairman: J]. M. Lees, oO 
Canadian Electric Co., 755 
Division St Cobourg, Ontario 


Canada 


General 


North 


November 18—Blow Molding, Newark 
section House, Newark, N 
Chairman: Robert Hoehn, Mack Molding 
Co., Ryerson Ave., Wayne, N. J 


Essex 


POLYMER SYMPOSIUM 





1961 RETECS 
April 25, Indianapolis, Ind., Central In- 
diana Section; Plastics for Tooling. Sec- 
tion President: Milton Brummer, 4241 
Marrison Place, Indianapolis, Ind 


May 9, Detroit, Mich., Detroit Section; 
Plastics in the Automotive Industry. Sec- 
tion President: John D. Young, E. I. du 
Pont de Nemours & Co., Inc., 13000 
West Seven Mile Rd., Detroit 35, Mich 


October, Niagara Falls, N. Y., Buffalo 
Section; Foams. Section President: Wil- 
liam Dunmeyer, Carborundum Co 


Buffalo Ave., Niagara Falls, N. Y 


Offers of papers for presentation at 
these Regional Technical Conferences 
are invited. Please address offers to Sec 
tion Presidents, as indicated above. 


SPI EVENTS—1961 


February 7, 8, 9—Sixteenth Reinforced 
Plastics Division Conference, The Society 
of the Plastics Industry, Inc., Edgewater 
Beach Hotel, Chicago, Ill. 


April 20, 21—Eighteenth Annual SPI 
Western Section Conference, The Society 
of the Plastics Industry, Inc., Hotel del 
Coronado, Coronado, Calif 


June 5-9—Ninth National Plastics Exposi- 
tion, Sponsored by The Society of the 
Plastics Industry, Inc., Coliseum, New 


York City 


June 5-9—SPI National Conference, 
Sponsored by The Society of the Plastics 
Industry, Inc., Commodore Hotel, New 


York City. 


July 27-August 1, 1961, International 
Symposium on Macromolecular Chemistry, 
Montreal, Canada. Address inquiries to: 
The Organizing Committee International 
Symposium on Macromolecular Chem 
istry, P.O. Box 816, Sarnia, Ontario 


Canada. 


—— SOUTHEASTERN NEW ENGLAND —— 
SECTION TECHNICAL PROGRAM 


November 15—Use of Visual Means for 
Study of Extrusion Flow Patterns Ernest 
C. Bernhardt, Head Process Develop 
ment, Technical Service Laboratory 
Polychemicals Department, E. I. DuPont 
de Nemours & Co 

January 17—Plastics in Building Dr 
Frederick J]. McGarry, Associate Profes 
sor of Materials, Massachusetts Institute 
Massachu 


of Technology, Cambridge 


setts. 

February 21—Blow Molding Techniques 
Robert J. Boyden, F. J. Stokes Corpora 
tion, Stamford, Connecticut 


March 21—The Future of Thermoset 
Molding J. B. Lidstone, Specialist Mar 
ket Development, Phenolic Product Lins 
Electric Company, Pittstield 


Massachusetts 


General 


April 18—Thermal Consideration in Mold 
Design W. i B. Stokes, Electromold 
Corporation, Trenton, New Jersey 


for information, contact Mr. Samuel N 
Greene, Program Chairman, c/o Apex 


Tire & Rubber Co., Pawtucket, R. 1 





Through its Casting and Plastics 
Tooling Professional Activity Group 
SPE will co-sponsor with the Amer 
ican Society of Tool and Manufactur 
ing Engineers, a Seminar on “Plastics 
for Tooling’, March 15-16, 196] 
Hotel Statler, Detroit, Michigan 

SPE’s participation will consist in 
assisting in the development of the 
technical program and in publicizing 
the Seminar 
to the plastics industry 


iumong its members and 
All other meet 
ing functions including finances a1 
nsibility of ASTME 

eligible for the 


$45 member registration fee instead 


the sole res} 


SPE members are 


f the $60 non-member fee 

CPTPAG Chairman Lawrence Witt 
man is heading up SPE’s contributions 
to the technical program. Offers of 
papers for the technical program not 
only are most welcome but are cordi 
ly solicited by Mr. Wittman. A sug 
gested outline program follows below 

No ] ipers have been committed for 


the program to date, and the subjects 


listed are suggestions only. Any paper 
ttered in the general field of plastics 
tor tooling will be considered for the 
program if received before December 
5. Mr. Wittman’s address is c/o L 
Wittman & ¢ ompany 1395 Marconi 
Blvd., Box 69, Copiague, L. I., N. ¥ 
1276 


SPE to Co-Sponsor 
ASTME Tooling Seminar 


SUGGESTED OUTLINE PROGRAM 


March 15, 1961 


—Registration & Coffee 
Hour 
9:30-12:00 —Applications of Plastics 
for Tooling 
Factors of Economy in 
Plastics for Tooling 
Design Considerations 
in Plastics for Tooling 
Tooling Applications 
Stampings 
Forming 
Assembly 
12:00-1:30 —Lunch 
1:30-3:00 — 
Paper 4 


8:30-9:30 


Paper l 
Paper 


Paper 3 


Laminate Structures 

Paper 5 Mass Casting 
3:00-3:15 —Coffee Break 
3:15-5:00 — 


Paper 6. Tooling for Mass Pro 
duction 

Paper 7 Tooling for Small-Lot 
Production 


March 16, 1961 


9:00-12:00 — 
Tour of Manutacturing 
Plant 
Plastic 
Dies 
Mass Casting 


Tools and 


—Lunch 


12:30-1:30 
1:30-3:30 


—Open Forum Panel 

Discussion 
Discussion 
based on all papers 
and plant tour 


3:45 ~-Adjournment 


period 
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POSITIONS OPEN POLYMER CHEMIST PLASTICS ENGINEER 


To manage small plastics operation ot 





Excellent opportunity for top-rate : 
southern machinery manufacturer. Prox 


POLYMERIZATION CHEMIST organic chemist with experience in onan Senile compression and injection 


Ph.D. or M.S. Chemist with 5-10 years of thermosetting resins; to work on moulding of plastic and synthetic compo 


experience in plastic and/or paint formu 
lations. Exceptional opportunity to ad- lic, and chemical 
vance with expanding research group velopment Want management 
) 

Position is at our New Brunswick, New potential individual to join young 
Jersey Laboratory. Please send resume of 


unique problems in epoxy, pheno- nents. Several years experience is needed 
intermediate ce Must be able to originate practical de- 
signs to function on machines. Please 
send complete details of specific back 
ground for immediate reply. Age: 30-40 
group of rese irchers in growing Box No. 8960, SPE JOURNAL. 65 Pros 


imaginative company. Boston sub- pect St., Stamford, Conn 


education, experience, and salary require- 
ments to 
urb location. Please send résume 





Personnel Department 


CARLISLE CHEMICAL Works, IN« and salary r poms te Ee POSITIONS WANTED 


Reading 15, Ohio No. 9560, SPI JOURNAL, 65 





Prospect St Stamford, Conn 





ACTIVE DEVELOPMENT ENGI- 
PLASTIC MATERIALS MOLDMAKERS NEER, 6 | ers — er atrenner . 
APPLICATIONS ENGINEER industria vackgroun an extensive 


Iwo experienced men required for our knowledge Desire position with very 
Opening in Plastic Materials Application toolroom. Must ble to construct progressive firm for research and devel 
Engineering. Degree in Chemical Engi ‘ 4 . ‘ 
neering or Chemistry required. At least ct mple te injection molds from drawings opment of advanced and new spray- 


three years specification and design or 











enaiink tale demain eaaadee te or samples building equipment and _ techniques 
thermoplastic and thermosetting molding Resume sent upon request Box No. 9260 
techniques ong, esteem ——y —: Re ply SPI JOURN AL. 65 Prospect St., Stam- 
ccna Geokabie. Week ¢ gn hy PEARCE-SIMPSON Inc ford, Conn 

company consulting service to design Molded Plastics Div 


engineers to assist them with plastics P.O. Box 48-223 


} eS | 


(en ep ly Fy Miami 42. Florida BLOW MOLDING AND 
R. J. Anderson EXTRUSION SALES MANAGER 


REMINGTON RAND UNIVAC PLASTICS ENGINEER Available immediately to locate any- 


Division of Sperry Rand Corporation 
: —— where. Sales experience in blow molding 


Univac Park—St. Paul 16. Minnesota Thorough knowledge of injection 
industrial parts and custom extruded 








molds tool design, maintenance and 





shapes. 3 years as chemist, 4 years as 
trouble shooting Salary commensurate 


CHEMICAL OR MECHANICAL with ability. Contact Jerry Lerman 


ENGINEER Multiple Products Corporation, 55 West ently employed in executive capacity 
13th Street. New York 11. New York with a blow molding company. Box No 


| challeng 1160. SPE 1Ol RN AL, 65 Prospect ae 


We have an interesting and 


product manager, 5 years in sales. Pres 





ing position available immediately in Stamford, Conn 
our Keading, Pennsylvania plant tor a 
man with at least two years experience DEVELOPMENT CHEMISTS 

and training in the plastics industry SENIOR RUBBER & PI.ASTICS 
Background in the compounding of Wi have three Ly omngs Mm oul TECHNOLOGIST 


“ ° development labs for young ag 
Vinyls, Epoxies or Phenolics is desirable I Background in R & D, Quality Con- 
trol, Process Engineering, Plant Manage- 
ment, Technical Sales Service, Market 


Analysis, Sales Promotion. Familiar with 


Duties will consist of process develop gressive chemists. Three to five 
ment ind produ tion supervision This yours industrial CXpClsence aa 
ferred Condensation polymers 

position is in line with a revolutionary 
rubber chemic ils il 1 epoxy back 


grounds of interest. New England 
oO ( Sen esume alar 
Please send resume in confidence to location nd résum ind sala y } l } 
requirements Box No. 9660. SPI eTS, epoxies, polyesters, urethanes 
THE POLYMER CORPORATION JOURNAL, 65 Prospect St., Stam vinyls. Reply Box No. 7800, SPE JOUR- 
| NAL, 65 Prospect St., Stamford, Conn 


P./O. Box 422 ford, Conn 


Reading, Pennsylvania 


new coating method, and offers unlimited chemistry, compounding, and application 


opportunities for advancement f natural and synthetic lattices and rub- 








MOLDER 
CLASSIFIED RATES Diversified practical experience in 


Position Open” and “Position Wanted”—$12.50 per column it 2% inches wid mmpression and injection molding. Have 
} 


lines per inch Minimum charge 12 roducts and 





$5 characters per line 

Services $20.00 per inch. Miniroum charge: $20.00 
All ads include one bold face caption line. Additional caption line t $2.50 extra per 
line. Boxed ads (four side rules) $3.00 additional charge Agen cor ission allowed 
only on ads five inches or more in depth. Display ads of 1/6 page or e are charged 
nable) will be charged conducive to good molding practice. De 


eleven years « xperience as molder, set up 
trouble shooting, quality control, tooling 
and setting up of systems and procedures 


at regular advertising space rates. Typesetting non-commissk 
us cost 

SPE members in good standing are entitled to a total of three no-charge “Position sire relocation with position in a pro 
Wanted” advertisements during any twelve month period, each ad not to exceed 50 words gressive company Resume sent on re 
headline not to exceed 3 words av = 

Last day for inserting ads is the first day of the month preceding date of publication juest Box No 1760, SPE JOURNAL 
Employers please note: The SPE Journal does not have resumes on file. These must be 65 Prospect St., Stamford, Conn 
requested from the applicant : F 
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POSITIONS WANTED 





ENGINEER 


er early 30's 
Detroit 


of experience 


wishes 
metropolitan 
in plastic 

und clic cast dies Ex 
in supervision, estimating, pul 


trouble shooting liaison and 


| 


cesivgning 


Practical shop experi 
Member of techni 
current pilot's 
460, SPE JOURNAI 


Stamford, Conn 


i die InaKke! 


posesses 


SENIOR PRODUCTION 
ENGINEER 


xperience in all phases of 
molding ind bonding 
laboratory test programs 
shop issistance Cur 

tor proper design ip 


l sales support on ce 


juot ition und pro 
ison and assistance Desire 
osition in North, Central or 
Reply Box No. 9360, SPI 
JOURNAI 65 Prospect St., Stamf rd 
Conn 


SIDI 
Easter US 


PLASTICS ENGINEER 


ree ind ten ve 
Patents and 
responsible 
background in therm 


processing researcl 


nt, sales liaison und 
in be fully utilized 
JOURNAL, 65 Pros 


TECHNICAL SERVICE-SALES 


I neer, young. Presently 
the setting resin lab 
I velopment ipp 
Vict | uniliar 
m, tooling, moldi 
t 


tech SeTVICt ind 
nnsylvania area. | 
llent background with 7 vears in plas 
Resume furnished. Box No. 8260 
JOURNAIT 65 Prospect St Stam 


( 





PRODUCTS & 
SERVICES 





WANTED 


144” plastic extruder 
mum 50 HP. Will pay 
for immediate delivery. Will 
3146” QI/1 ratio. Re ply Box 
JOURNAL, 65 Prospect St 


onsider late 


#9960. SPI 


Stamford, ¢ 
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Another new development using 


B.EGoodrich Chemical -» =ste:a: 


New Push-Button Heating Pads by General Electric have five parts made of Geon shown in inset 
4) tube which contains thermostat; and (5) heater wire insulation, 


B.F.Goodrich Chemical Con 


inner cover; (2) cordset; (3) T-Connector; 


pany supplies the Geon vinyl. 


How heating pads get “most wanted” 
features from different Geon vinyls 


Waterproof. The manufacturer of 


make 


wet pack applications a cinch.”’ The 


these heating pads says they 


reason 
film extruded of Geon vinyl. It is 
tough, abrasion-resistant and water- 


proot, 


Convenient. Three thermostatically- 
controlled heats are at fingertip in 
a push-button switch with a cordset 
which is accurately molded of another 
form of Geon vinyl. The thermostat 
connections are enclosed in tubing 


made of a similar impact-resistant, 


B.EGoodrich 


’ Their inner cover is made of 


rigid-type Geon. These vinyls are 


white—could be any color. 


Safe. All the wiring inside the heat- 
ing pad is insulated with still another 
Geon vinyl. Geon provides excellent 
dielectric properties and good re- 
sistance to abrasion, weathering and 
heat, as well as being unaffected by 
corrosion 

Here is an excellent example of 
the way one manufacturer uses 
different Geon resins and compounds 
to improve a product. For more 


information, write Dept. GCM-6 


B.F.Goodrich Chemical Company, 
3135 Euclid Avenue, Cleveland 15, 
Ohio 


In Canada 


Cable address: Goodchemco. 


Kitchener, Ontario. 


B.F.Goodrich Chemical Company 
a division of The B.F.Goodrich Company 


GEON vinyls + HYCAR rubber and latex - GOOD-RITE chemicals and plasticizers 
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quality formulated to perform as required! 


Roaring down the Atlantic test range 
or blasting off from the living room 
floor, true missile performance de- 
pends on the accurate behavior of 
individual components. That's where 
Gering’s expert ability to formulate 
superior thermoplastic Molding Com- 
pounds comes in. Whether the end use 


Cable Address: GERING « TWX Cranford, NJ. 137 


4 


1115 Larchwood Rd, Mansfield, Ohio 


is a vinyl jacketing compound that 
helps trigger a giant ICBM into space 
or an impact styrene toy replica, qual- 
ity Gering Molding Compounds perform 
to perfection. Extensive laboratory and 
production facilities enable Gering to 
produce to your most exacting speci- 


fications — including flame-retardant, 


» Sales Offices: 5143 Diversey Ave., Chicago 39, Il 
+ 103 Holden St.. Holden. Mass 


non-toxic, se ~ -conductive and other 
special formu,ations. And with these 
cornplete facilities at your service, your 
most demanding custom compounding 
papi can hag be met. Tel! 


needs. We'll be happy 








division of STUDEBAKER-PACKARD CORP., 
Kenilworth, NJ 


- ~~ -——s. F 
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